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s The Basis for this book 1a the data from the scientifie worl of the ... .
ﬁﬁ;hergic crew of the first Salyut long~tern orbital scientific station.~-— USSR '+
"o T cosnonauts G. T. Dobrovol'skiy, V. N. Volkov and V. I. Patsayev. s

1% The structural features and the scientific equipnent of the Salyut

" statlon are described for the first time. Broad information and flight docu~
ments of the statfon and excerpts from the logs and notebooks of the cosumo~ .

- “r*nauts, and fragments of their radio conversations with the flight control cen=~

.. ter are presented. Tae data from the scientifie research and experiments

~7 7 -performed onboard the station are generalized. N o ‘

T e

" -
. N

]jza'f”' ‘The book is iilustrated by unique photégraphs taken frowm onboard the
8tation, most interesting frames from onboard movies, diagrams and photographs

' 'rin color. It is designed for a broad class of readers. There is 1 table and
62 1llustrations. ) . . ‘




G,

" The idea of buildlng 1ong-ta*m manned stations in space is not mew.

« Long before the beginning of the space age, our famous compatriot Konstantin
-+ . Eduardovich Tslolkovskiy foresaw the possibility of settlements in space. .
i He wrote: . "Mankind will.not always remain on the Earth, but in the pursuit

of 1ight and space he will. at first timidly penetrate beyond the limits of
V'the atmosphgre and then conquer all of the solar system.

e ~ T

‘;tions of the founder of cosmonautics K. E. Tsiolkovskiy. The Soviet people
‘i_are proud of the fact that our country has blazed mankind 8 trai] into gpace.,

e TR

The Soviet space grogram has been rgcopnizad as making a great contri~
. bution to the development of the socialist national economy.

Un the given
level this has actually been promoted by research [translator's note: re~
malnder of foreword not provided in Russian tezt]

How we are the witnessés to the realization of the ingeneous predic-




; solving & broad class of problems in the space about the Earth. Its creation -

The experienca in the developneat and tcsting of mannad spacecraft of -
+the "Soyuz eeries greatly promoted the acceleration of the planning, design

.":7‘4 - A /
' Dmkzng flight of the 1oug—term Salyut orbital scientific szation, two )
basic miésiﬂna were to be accomplished: a study of the possibility of pro-
) longed - wxiatence of man in space and the performance of a broad program of
R SCiﬂuthic experiments. .

A (In solving the first of these problems provision was made for a large
u?ﬁmedical-biological experimental program with the participation of the station
" erew membars. A set of devices was developed providing for comprehensive e
T _physxcal traioing of the commonautas in flight since the physical load permits
o - a definite degree of compensation for the absence of gravitational force dur—

"4 "ing a prolonged stay in epace and it creates the couditior® for acceleratéaon
'“’:readaptation of the human organism after returning to the Larth.

B : In- solving this problem it was nécessary to place d large numbexr of -
"acientific instruments and tools in the’ Btation conpartmenta, the total nass
of whica exc;eded 1, 200 xg,

t'i*f-.: .

Y
kit When planning and design{ng tna Btation, it wah alao conaidered that -
“the perfermance of a saturated program. of sclentific-engineering experiments
ani testing of onboard systems and units under coumplex conditions of prolonged
space flight would offer the first experience in the operation and maintenance
]of the new type of spacecraft — manned orbital stations. . _ E
[N . g v.; aets ~ T - . ,\‘ - PR N
7 ' The developers of the Salyut station waere faced with the problem of
' creating a long-~term scientlfic space laboratory manned in orbital flight by

. .l crews operating in BhifFSﬂ In order to deliver and return the crews, transport

" The' Salyut is ‘a multipurpose orbitai scientific staticn capable of T }i;fJ

.ﬁ marked a new Btep in cha development of tha USSR manned Space flight program. S

- aud praduction work for building tnu Salyut station aud preparing it for flight. .;t
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individual elements of equipment, objects and results of the study provision
was made for using the Soyuz serles spacecreft. )
_ When building the Salyut station the planncalled for performing sclen-
“ tific research onboard it both when it was manned, when the transport ship S
~docked with the orbital unit of the station and the crew was inside and during
flight of the orbital unit of the station in the automated mode wituout a crew.

&ccordlnw to the plan, part of tﬁﬂ rccults of tha Bcicntifjc res carch
) performed on the station had to be transmitted to the Earth by a radlo tele- s
- v..metric system; the other part was to be delivered in the transport space ship. "~ .7
., 7%, Thus, provision was made for the possibility of transporting photographic and - " -
movie materials, photoemulsion units, containers with biological speclmens, : o
:,.c;_-onboard logs with scienttfic ohservatlons of _the astronauts from orbit to. ﬁhc

S A large collective of scicntiats, &csigners, engineers, tachnicians fffb;>3§{’;
and induatrial workers were drafted to work on building the Salyut orbital - o LE
- scieatific scation. The USSR commonauts already having experience in-space .l

P

‘flights participated directly in the developmcnts.~-. S SO . o unn:"j;f-[

e Eetla As a rcsult of the work donc, one of the heaviest and most complicated R
L spacecraft launched into. Earth orbit was duilt. The orbital station included ~ -~
" the following: an orbital module inserted into orbit without & crew and a . =~ .on- .
... transport ship with crew launched by a separate booster rocket and docked iIn o
", .« orbit with the orbital unit. The crew included the commander, the onboard
' englneer aqd the resaarch en"incer.

. The toaal nass of the station afLer doching was 25 600 Pg, includinr
the mass of the orbital unilt after launching into orbit of 18,900 kg and the
-~ mass of the spaceshilp in orbit 6,700 kg. - Hore than 1,300 separate Instrudents

s and units were put osnboard thezﬂation.;~,.x;( _‘;v:r;53w336j~yﬁ;giA113{5 F g i i

o : The geometric characterietics of the staticn are as fOllDWS' tctal .
L ‘length docked 23 meters, length of orbital wodule 16 meters, maximun diameter v;i‘
“of the orbital module 4.15 meters, maximum transverse dimensions of the - R
station with respect to the open solar cells 11 meters. - -

- ;}??>’?3ﬂﬁ In order to perform scientific eyperimcnts viaual observations, take - .[a;ifi

photographs and movies, there are 27 lignts in the statiOn compartmenta.

¥

S For transferring the crew from the cransport ship to the orbltal modulc
and bacc there is & docking unit. After docking the crew can work and rest

beoch in the station compartments and in the transport snip by crocalng uxrecLly ,
through the docking unit without goiug into outer space.. : L

‘,uh;-,”; In accordance with the direction taken in Soviet space engineering ia -
~. - ' the manned compartmenss of the station in orbit the Farth gas compoeition and
' atmospheric pressure are maintained in the manned compartments of the station

. _ip orbit‘insuring the best conditions for vital support of the coswopauts. .
-:.,‘"‘ ) :..'A- . - ECI CRRS -t T L '..‘-.—"JL. “ ' \\' T e P -;,:-‘.:' B T e - 2
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, On the Salyut station provision has been made for the first time for

the possibility of the repair and replacecment of apparatus and equipnment ia

£light by the crew itself. The placement and compositlion of the equipment and
instruments are axranged considering the possibility of access to them in case . .
of damage or failure. There were a set of tools, fittings and certain sparc

parts kept onboard the siation. ' '

RPN

Orbital Module‘

. When plamning, designing and making up the composition of the orbital - _-i
> _module of the station it was necessary to provide maximum comfort im flight - . .
7" -for the station crew (spacious internal compartuents, convenient control T mEeT
statinns for operation, places for the crew to rest and slaep), a good view of
.. surrounding space and also coavenient placement of sensors, optical instruments 5
“:.and scientific equipment. The observation instruments were assembled in such . -
ﬁ'a way that in the lower part of the ststion (along the ~y-axig) it was possible - - .
:-i-7i; to observe the Earth and Sun and .in the uppex -part (along the +y-axis), the 7 . "
. stars, - ... . T et S

w0 - vem % R

Lo A

. R TP
S ) - -

=757 700 In order to insure maximum illumination of the solar battery panels in
) - £light, the station could be orieated on the Bun in the mode of rotation around
-3~ tha transverse axis. - The problem of stable rotation of ths atation in this
.. mode was solved by creating the predominant meoment of inertia around the axis .
~ perpendicular to the plame of the golar cell panels, over the moments of in- ~ © . i
ertia with respect to the other 8XE8+  Thie required special compositicn of
.. tha station equipment. R T ) .

-~ The structure of obbital module of the Salyut saatlon wag designed for
insertion of firdnto orbit without using the overalil protective pose faifdng.

- For protection of some of the external elements (the solar cells, lights, .

.. antenras, and so on) from serodynamic and thermal loads arising in the active - ;. %1
part of inserticn, the local fairings and covers were used which are discarded

after passage through the densa layera of the atmosphere. -

%777 The orbital module comprises two ealed comparements (the tranefer com— 7
““partment and thw working compartment) and ons unsealed cowpartment (the appara-
tus compartwent). ' : -
!‘A— L { ' _-':_, ~7'.r e . : L. - R . R ' .-,- . AR o T .A.."'Q i : = A
- The transfer compartment ias executed in the form of a eylinder 2 meters
in dismeter and 3 wmeters long. In the forward section there it a docking uait o
. ;7 designed for rigid docking of the trmnsport spacecraft with the orbital module. . ' &%,
7+ 3V On the opposite side of the compartment there is 2 hatch for transfer to the o .
- working compartment. In the transfer compartment there is part of the scien-
tific and photographic equipment (the internal units of the Orion stellar
tolescope, cameras, the modules for biological experimentation) and also the
the Orion telescope control panel. Along with the telescope control panel a o
_ lock hes been provided for bringing the stellar telescope film cartridges fate =

‘;;_;ﬁh& station after completing the experiment,

e
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qllicraft with the station;

) ?ii?;liquid flow rate regulars, ‘the exPaﬂSiUn tanks, and 80 on);

"“f.;{f; 7 Panels with sensors for atudying micrometeoretic particles. .f:_f;f'iii;f

I - PR
PN e

On the outside surface of the transfer compartment the following have
been installed:

_ The external modules of tha Orion stellar telescope (they are in a
special spherical depression imbedded in the tranefer compartment);

 Two solaz s8ell panelé (left and right);

The antennas of the rendezvous radio equipment;

The optical light for orientation during manual docking of the space~ f:'f

. One of tha external television cameras*

Panels with the heat regulating System unita (the hydraulic pumps, the

< ' The 1on sensors of the station oriantation system used to orient the :fi‘f T
'station by the 10nvitudinalex~axis with wespect to the. oucaming ion flux; N

=  On the outside the transfer compartment together with the equipment
.;'installbd in it is clozaiwith a vacuunm shiald thermal insulation to inaura
the required thermael regime. =

, The operating compartment comprises two cylindrical zones conmected by
a conical section. The diameter of the zome of the emall ecylinder iz 2.9 me-
ters, the length is 3.8 meters, the dlameter of the large cylinder zone is
4,15 meters, and the length 1s 4.1 meters. The conical section comnecting . e

”the sylinders has a length of 1.2 meters. e T R B

v . Taside the working compartment along its entire length on the left and _
“Tright aidea there are frames with apparatus and equipment. -Thus, access is vfgﬁ}ﬁ
“insured in practice to any module. The instruments and cable metwork installed

OTL. tne frames are comered by removable interior panala.

A great deal of attention has been given to the decorative materials
used to finish the manned jcompartments. High requirements of fireproofness,
. nontoxicity and formation ‘of texture were impoged on them., In order to
“ facilitate the orientation of the cgew under conditions of weightleesness,
each surface of the compartment has its own color: the front and rear are light
. grey, one eide 1s apple green, the other is light yellow; tbe bottom oi the
rﬁtation (the floor) is dark grey. -
A}

. ) In the small diameter zona there 18 a table for eating. A replaceable
tank with drinking water is attached to the table. The food heating units

are located mearby. The primary water storage is in tanmks aft on the starboard

- and port sides. .- y DRI

Chey s rE e e




Tﬁe food storage 1s in fefrigerators installed syuometrically starboard
and port (in the center of the large diameter zone).

The cosmonauts spend thelr spare time in the small diameter zone. A

- . tape recorder and cassettes with recordings made by the request of cach manbar

of the crew, a library, a sketch album - and other objects required for pass-

- ing detfenre time are stored there. Sleeping areas are located port and star-
beard of the operating compartment in the large diameter zone. If they so

- degire the cosmonauts can alsgo sleep on bunks installed in the orbital compartg-
ment of the tranaport space ship.

The sanitary~-hygienic unit is aft. It is sepaxated from the rest of the

- work compartment and has forced ventilation. The surface of the sanitation

compartment panels is finished in washable material. The set of devices for

- - physical exercises and medical reseatch is 1oca:ed in the conical part of the .

o workinw section.

‘A":’/A

P

= : -

The general illumination is distributed so as to create the required

a2

:;{‘working 11lumination for each control station and also the general illumination
~. for tha living quarters. Television lights have been supplied for the tele~

vision regorting. The gyroscopic instruments of the navipation and motion
control system afe installed in the vicinity of the forward ‘end of thae work

:VZ‘compartment cn a rigid frama..

qu manual control and monitoring media of the basic systems and the

scientific apparatus of the station are at seven stations.

Station No 1 is the central control station of the galyut. The control
of the basic onboard systems and, in part, the scientific apparatus 18 concen~
trated here. This atation is located in the lower part of the work compartment
‘{in the small-diameter zone). The station is equipped with two chairs on which

- _two.astyonauts can operate simultaneously. The astronauts' panels, the control

‘arm for the orientation and mavigation, the optical vievers of the orientation
-system ‘and ports are located there.

.

Statlon No 2 (astropoat) is located in the work compartment (iu the
'small~d1ameter zone). It is designed for working out the manual astroorien—
tation and astronavigation. Ar the station there are a panel, a control hapdle
-£or the orientation of the Salyut, means of holding the cosmonaut in the work
/position, and & port. :
,‘ :
-y - Statiom No 3 designed to control the scientific apparatus is located in
the central part of the compartment (in the lerge~diameter zome). Here, pro-
~ vision has heen made for control panels for the equipment and a port,

Station No 4 also serves to control the scientific apparatus and, in
addition, it is used for medical research. The equipment of the station is

below, .4n the conlcal part of the work compartment. The control panels for

the sclentific apparatus, the port, the chair and the medical research equip-
ment are located there.

. N ki . : . P e - ot P e . = . [ T R . .
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Station No 5 is designed to control the Orion stellar telescope. Its
control panels, the port, the sight and the arm for gulding the modules of
the stellar telescope bo the given star are locatea in the transfer compart~
ment, above. .

A

sition to station No 2, but in contrast to station ¥o 2 it has 2 chair and is
located in a bay which If necessary can be converted by means of a shutter imto
an lsolated "warm room.'"  All of the equipment of station No & is located in
the working compartment on the port side (1n the small-dlameter Zone) .

ki

the space about the Farth. Its controlppanels for the equipment, port. and
means of holding the astronauts are on the starboard side in tbe bay syrnetric
. to the, bay of station Ho 6 C ~.Vy~anhwﬁ,gfj¢A« R R e
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~54 flarge part of ‘the outside surface of the small—dialeter working com~
“partment is covered with the radiators of the heat control system. A small
; zone at the bottom (along the generatrix of the cylindrical section) consti-
tutes an/exception. A number of poets, ssnsors and optical viewers of the
orientation and motion contrel system are 1ocated there.

EE

. work compartment are ghvered with a heat-protective shield which is used for

rotection from aerodynamic heating in the section for insertinz the statlon

into orbit. and itudecreases the leakage of heat from the saatioa in orbital
flight. S Co e B

', fThe antennas of the radio complcx .0f the station and tha panela with
sengors for recording micrometeoritic fluﬁus are installed OutSJ&E the working
compartmeﬁt.

”f; ' The apparatus compartment ia basically used for fuel tanks with thn'
working medium, the correction enginea and also the system for controlling the
orientation engines._ . . -

cell panels antennas, one of the external telovision cameras, ion sensors and
certain scientific 1nstruments. _ : :
R -,.’ / L '

01board Systems of the Salyut Statioa K

o

BT -The system for contrulliug the onboard equipmont proviaes for the Inter~
Y action of the onboard systems, the assemblies, structural elements and scien-
7 tific -apparatus and also control of them from the statlon panels and the Earth.
or c¢ontrol of the station as a whole, automated systems and logical-programmed
Zy circuits are used which permit the crew to be freed of a number of control
{/ functions. It has given the crew the possibility of concentraLing thelr efforts
A on performing research work. L T .

1, Lot e = K SN gt e s Ty - P

LN o

Siation Mo 7 is used to control the scientific apparstus for studying_,"

'f The'dutside‘cylindrical'éection (iarge diameeer) and conical part of the -

On “the outside Burface of the apparatus compartment thore are two solarm i

Station No 6 (astropost) is analogous with respect to purpose and compo- ~




X

The Elight control of the orbital module im the unmanned mode and also
“the station flight during rest of all members of the crew was provided for
completely from the ground. In these stages the entive gset of automation and
- rewote control of the control syatem went iunte operatioa. -

The control system for the onboard complexz performe a number cf impor-
tant fuoctious including the programmed-time control of the cperation of the
onboard systems, the storage of thes alporithm for their functioning, gathering
and logleal processing of information about the astate of the systems and cor-

. rection of the alpgoritim for their functioning, the representation of the
., information about the operation of the onboard systems and the executed pro- )
" grams om the panels of the &stronauts, the electrical coupling of the systems,-
the distribution of electric power with rcapuct to tine and yxotection from _
~Vggshort circuits.. oL ..:,_;A_.;\.z ,:-,ﬁ;“,,ﬁf‘,“;_ o Y Sl ;Hlﬁyi

AT - B

TR - When controlling from the orouﬂd, the commands come onboard via the . .
,,_command Iine of the radio complex.where they are processed and couverted into
. the form necessary for inclusion of the power supply and controlling the on-
- board systems. Logical automated unite and time~program circuits are used as

the basie devices for processingaand couverting the control instructions on-
7 board the station. These are primarily small computers the memory of which . f;»§
7 includes a number of standard flight oPeratiOn coatrol programs., : ety

——— =

ried
-

‘ The 1031:&1 sutomation joim the onboard gystens and scientific appara—~
- tus to the panels and instruments of the power automation into a single com—
plex. The algorithm for functiconing of the orboard systems contains a number
of standard programs the execution of which is realized ont request from the
corresponding logical automaton. With an inerease in flexibility and opera-
tiveiness of control, several of the standard progranms cam be processed simul-~
'taneously

Hanual control of the flignt of the station in tha manned wode and the' ' '

h performance of sclentific experiments are both realized by the crew concen- ‘
- ‘trated at the seven stations. Fox counvenience and operativeness of manual - . . _
. '_control the cosmanauts can use the standard aytomated control programs, i .
realizing when necessary monitoring and correction of the operation of the - '

automated circuit.

j"“'r"f*‘:Thé onboard computer permits the station crew to solve navigational
_problems and process the data requirud for the pelformance oE experlments and
:'jthe basic operations of Lhe flight program e e e el

o R S RAE cgn ‘3' :
E e g e P T e -7 BT §E -

" The basic work arega of tha commandar and the flight engineer 13 the
.central control post of the station. From this station they control the Salyut
" as a whole and coordinate the work of the speclal-purpose stations. At the
. central coantrol station all information i1s received about the operation of the

onboard systeme, including warning 2ud especially important information which S
- runs continuously and the duty information coming in by request from the '
centval coutrol station. The central control post of the orbital station is
~equipped with the primary control panel, the control panel for the lfs support o
and thermal regulation systems and the control panel for the navigational

apparatus.

i .- (. . .
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' The primary panel comprises the instrument blocks and two command
=ssxnal mnits. On the lastrument block there are devices for monitoring the
execution of automated programs, obtaining the required information about the
operation of the basic systews of the station and also the instruments for
navigational calculations. Key switches, electrically lighted signal displays,
the navigation indicator of the Globus, onboard chronomaters, cathode ray

display and the control elements for the radio communications systemn arsa
mounted on the board. . .

With the help of the navigarion indilcator which is a complicated electro-
mechanical programmed device, the crew can determine the location of the sta- S
- tion at each given point in time, the number of orbits made by the station, e
the time of entry ané exit from the Farth's shadow, and the possibility of
radio coumhuzcatloas wltn hhe g ound atat¢0ns.

In thm autnmated cnntrol mode, the cosmonauta follow tha processinv -

, of thepprogram by the control indicator which is a mnemonic circuit. It re- L T
~.,.7. flects the execution of the control operations aud their content. The elec—

;;;;“ trically lit signal display of the instrument board cosmunicates the most e

v;QAJf important information bbout the operation of the station systemsa and %t also R

informs the coswmonaut about the nucessity for intervention in their operatlon.

. "' The command sicnal units are used to Output the basic part of the com~
- mands and receive information about thelr uvse. In order to decrease the num=~

" ber of keys and for greater convenlence of operation, the command signal units

are exacuted as a matrix circuit.‘_Lacn command is generated by pressing two
kays ] ! ' ’ :

On the control pdnel there is a panel cf eqpecially important comands

(for example, switching the engine on and off) and also units for remowee
adjustrent of a number of instruments of the station crientation and naviga— .
',.fffr ‘tion system and other systems. : N P o d ot ey se e L L ALY
_ In addition to the central control post, the station is equipped with
.,..-8ix speclal-purpose control stations outfitted with control pancls fat the e

, corresponding equipment. The special-purpose panels provide for controlling - .
the scientific research experiments. By using them, the station crew con—

- trols the apparatus of the orientation and navigation system. It performs o
"o medical and biological research, and so on. From all of the panels it 15 . .-~ - ¥
""" possible to control the talemetric devices for recording the results of the
. experments performeu, the comunicationa mr_d:xa, and l:he lighting. .

S e g v e '_.-. !
For coordination of operations, the special purpose statious are con—
nectcd with the central station and amony each other by an intermal talk cir-
cuit. The redio communications with the ground command-measuriug complex
. are Bet up by commands from the central control pest. When performing experi-
ments comected with changing the position of the station in space, manual ey
“control of the orientation and navigation system can be transferred to the o
. Bpecial-purpose stations by command from the central control station.

VY
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The experiments performed under the conditions of space £light on the
Salyut station to investigate man a® an element of the countrol system will
pernit determination of ithe paths of further improvement of the manual and
automated control systems and efficient diatributicn of fuuctioqs between
. them for future manned space staticas. - Tt e et e

- Motion Control and Orientation and MNavipation Systenms

The wotion econtrol and orientation and navigation system jolntly with
‘the servoelements (the orientation motors) and theCOirection motor is de-
. signed for solving a number of problems. THis system provides for automated - ‘

- . and manual orientation of the station in the orwital woordinate system and _‘i.f_%:

" . also rotation and orientation of the station axes on given points of the o
) . celestial pphere., It is used also for automated and manual oriemtation of
,..7¢ the station by the plane of the solar cells toward the Bun with subsequent
" twisting of the station around the axis perpendicular to the plane of the
-+ ciklls. In addition, the system Is used for automated stabllization of the L
. station when opersting the power plant, for shutting dows the engines after .
. achieving the given magnitude of the velocity increment (when correcting the -
.« station orbit), to control the processes of rendezvous and docking of the

‘ Altrausport spacecraft with the station.

’

ﬁutOmated control is used to perform dynamic oPerationq in the absence h
-of the crew onboard thessistion and also to facilitate the work of the crew.
. Manual control expands the possibilities of orienting the station and 11~ .
”f;creases the reliability of executing the flight program. . . ':_Cf{

L.

The motion control and orieutaLion system innludes the following appatrs-
tus, :

Ion orientation sensors by the velocity vector in which the ion flux is _
received by four ion traps located sysmetrically with respect to the longi- . - -1
tudinal axis of the station (for deviation of the longitudinal axis from the |
direction of the velocity vector at the gensor output, control signals are

- formed,which are proporLional to the current diffhrence of the correSponding;
e don trapsi), ERCEE Y SR : Lo e S L

\ . . Q. AU sty s

w

i

. ~.- .; The infrared local vertical plottur. the operating principle of which o
" is based on using infrared emisgion of the edge of the terrestrlal disc and R
the atmosphere,

_%jgé;s‘ ﬁﬁf- The sensor for orientation on the 8un having a central field af view
" and four lateral survey zones for detecting the Bun and reduction of its
image to the central fie?d of vier,

e

The augular veloclty sensors uith re3pect to three mutually pcrpen-
o dicular directions; : : Lt
. The free gyroscope module Wnich provides for programmed rotation of the

_station with res 3ect to the iuitial dircctiOns of orientation' )

. . o % . )
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"and distance between the ship and the orbital module of the station during the SRS

# . the celestial sphere, the.orientation and control system provides for rotatiom’ e A

;'of the station with a congtant angular veloclty with respect to the direction

e

_tion engine is realized by the orientation engines, and during operation of = . | .

the appearance of the required star in the fileld of view of the instrument.

. rendezvous is realilzed by tne transport ship (which 1s the active object)

E . B : i EEE N e N i o . -
P R . L4 . . e PR . . - ., . H . s L. e P h e, T
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The longitudinal acceleration integrator for shutting down the correc-
tion power plant_aﬁter obtaining the given valocity increment;

The stabilization unit serving for ampllfication and canversion of the ‘é_gl
gyroscople sensor signals; S

The module for switching the orientation engines on which shapes the
control slgnals to switch on the corresponding orientation engines. -

. The set of rendezvous radar equipment insuring (jointly with the trans- :=,};
port ehip apparatus) measurements of the angular position, relative velocity

reudezvous process in orbit.

*'Wffu The atabilization of the station during operatiou cf the basic correc—-

‘ the dupllcate engine, 1t is realized by a special nozzle system of the correc—'t*“f?
:tlon ppwer plant. The control of these nozzles is exercised by the steeriug L

f engineson command from the stabilization module. e R ; "Lfi,::

S t. 1 PR,

- In order to guide the optical instruments to the required section of i
of the Bun (with the corresponding angular sotting of the solar sensor) uatil

One of the most important modes is the rendezvous mode and subsequent
docking of the tramsport spiacecraft with the orbital module of the station.
The reundezvous to a distance on the order of 15-30 ku is carried out by
changing orbit of the orbital module and the transport ship. Then mutual

Lhi

< using the radar equipmant installed onboard and the rcsponse apparatus of :the"

: orbital module. _ _ e

. The transport ship using radio sinnala from the orbital modula is -
oriented along the line of sight. Then by vadio signals from the transpory

- ship, the orbital module of the station is oriented. After this, the parame-
- ters. of thelr mutual motion begin to be measured. .The paramegers of motion o
" " are.processed in the rendezvous control module of the transport ship. Here, ' . -7 %

b

the times of inclusion and exclusion of its correction engine to insure the
required rendezVOua speed aredetermined.

The orhital module of the station during rendczvous is automatically
orlented by 1ts longitudical axis along the line of sight. Beginning with a
distance on the order of 400 meters and to the time of mechanical docking of
the objects, the transport ship is not rotated by large angles, and its cor-

rection engine is not switched on; its trajectory of motion is corrected by C

using the low-thrust coordinate engines.

The manual control circuit permits the crew to orient the station with

réBPECt to the Eartn, the Moon nnd the Sum, individual starse and constellations. %



;‘-i; precision mode of orientation with minimum anpular velocities is possible.u -

. central' optical system: and eight "peripheral' systems. The Earth's horizom
-4s observed in eight individual zones which permits orientation of the sta- -~ =

v . . . . - . B oL e . T,
EIEI e . - 3 ® e, . : . . . i

For this purpose, the required magngfudes of the angular velecity with respect
to station axes are given. The angles of rotation are detevmined by the crew
either with respect to the external reference points observed through the :
optical viewing instruments or by the d splaya of tbe statioa position sensors.

The manual orientation of the station is realized £from the main and
auxiliary posts equépped with optical orientation instruments and contrul
levers. The orientation control arm provides control over three chanasls,
and it has three degrees of freedom regpectively. It permits the angular ve-
locities to be assigned to the station to a few degrees per second. The

The optical orbital and solar radxatioq iqa*rument is a set of one

tion with respect to the local vertical in a broad range of altitudes and

 from any initial position. A speclal grid has been provided to facilitate = . <%

. automatic and manual control modes among which is the orientation mode of = . vl

‘orientation. In order to decrease the image brightness during orientation on
. the. bun, dense filters are used in the instrument. : ~i;_1,,_,;_¢_3:f st

.- the viewing axis of which is set perpendicular to the plane of the solar
- cells, the station is rotated. In this case the image of the 8un is brought

A

T eat e e

The mﬂtioa control and orientation system can. function in a number of :

the solar cells on the Sun. By signals from the solar orlentation sensor,

to the center of the fleld of view of the instrument. Then in order to insure

. pyroscopic stabilization of the system, it is “twisted” (relative to the di-

rection of the Bun) with an angular velocity of about three degrees/sec, In
order to compensate for the sffect of the disturbing moments, the direction of
the axis of rodation of thessystem 1 peviodieslly corrected until it is
coinc;dcnt w1tn the uirectiOn of tha &un. , ‘ e

; ¥ - v .- - H .
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The automated orbital triaxial orientation of the stafiou is carriad

i

- out by signals from the infrared vertical plotter (over two control channels

ﬁtaace the rotations of the staﬁion with respect to the stars and also to find

~== pitch and bank) and the ion sensor signals with respect to the heading - . = . 37
.. channel. - Provision has also been made for the possibility of uniaxial orien~ ~ ¢ ¢

tation wich respect ta the velocity vector using the ion sensors,

_,a . L

sy " From the position of oriftal orientation the station can be brought to ‘-=7f$'

any given position in space. For this purpose, at the required point in time

. the gyroscopes are unlocked and the corresponding programmed rotations are e
(« made.  The control system maintains the orientation of the station correspond—~jxﬁ'"
~ing to the time of completion of the programmed rotations.

L LN

- The onboard stellar globus is used for orientatiou of the station with

: respect to the stars during manual control. It 'is.a sphere with the confisu-

ratfions of the constellations plotted on it. . The stars (to fifith magnitude}
are simulated in the form of pointa having uifferent relative brightneas.

—\

The stellar sphere is ?laced on a gimbal wihich makes 1t possible to

H - .
f . -
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: ,of the aystem, redunuanty of che most resp0331ble elementb i& provzded..

‘ Electric Power Supply Systen

the optimal trajectory of rotation of the station toward the required constel-
lation.

Servoelement Systen

A e T Er R - R Tep el o,

The system of servoelements is fupctionally part of the motion control
and orientation system. It is designed to creoate control moments to orient
and stabilize the station.

The control moments are created by the liquid~fuel rocket orientatiomn
.- mieromotors operating on two-component fuel. The fuel reserve and the reserve

" capacity of the system are insured by the performance of dynamic operations

on a prolonged orbital flight. In order to improve the operating reldsbility

The system of servoelem@nts comprlses a paaumohydraulic system of the
displacement type, treactive orientation micromotors aund the inclusion and

T monitoring units.-

R . - H e

Tha pneumohyuraulic system is designed for storing the £uel componunts
and feeding them under pressure to the motors. It includes the tanks with

P

»- high pressure gas, the gas reduction and feed units, the tanks with the com—

ponents, and the sensors for monitoring the tonperature, pressure and fuel
consumptiou. _ SIS PSR S e o

The jet microaugines are used to create the thrust over three station
control channels — piteh,; yaw and bank. The system includes the basic and
redundant ssts of motors. Ce s ‘

The blocks for inclusion and mcnitorin; iBLlude the defined motors on

,command from the control system, they monitor their operation and also S&lLCL

»_the primary or redsndant set of motors.ijj\~; e

\"- . ' L -3' . i
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The united electrie power supply aystem insurea a DC and AC power aupply

for tue station. It includes the primary sources of electric power -~ the

.solar cell and the electrochemical energy etorage elements (storage batteries},
. the automiated electric control and remote coutral monitoring units, and the
DC-AC converters,

During autonomous flight of the orbital module of the: station, its-
solar cells are used; after docking of the module with the transport space~
craft, the solar cells of the snacecraft are cannetted also to the S}stem.

. . ; J‘ -

The necessity for orientation of the solar cell panels rigidly fixed
to the hull of the station on the Sun is:taken inte account in the flight pro-
gram, and it implies the introduction of special orientation modes (the "twist—
ing" modes), On each orbit about 40 percent of the time the orbital station
is in the shadow of the Earth; in additiou, the nature of tha electric power
cousumption on the station differs by 81Cernation of the relatively small ‘

- . d fl
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load of the duty regime and the large load during'the orientation sessions,
the operatlon of the scientific apparatus, communicatlons equipment, tele~ - C s
‘ vision and telemetric devices. ‘ g

‘The role of the highly maneuverable peak source of current in the system
is played by the buffered cadmium-nickel storage battery which has rigid volt-
~ ampere characteristice and operates jointly with the solar cells in the charge~
- discharge mode (buffer mode). The storage battery creates favorable equaliz-
ing conditions for the operation of the onboard electrical equipment, It also .
.. Pperforms the function of a reserve source of electric power in the case of a = - -
., temporary disturbance of the normal operation of the primary generator. RN
‘ The joint operation of the solar cells and the buffered cells is pProO-
-~ .- ..vided for by an electric automation system which performs the functions of
o:{-. protecting the storage batteries from remaining for prolonged periods at the
critical points (overcharging, overdischarging), monitoring of the electric
=, power supply system parametexs, and switching of the electric power supply
system to the Earth control mode or the pllot panel control mode and switching
+ o to the parallel operation of the electric pover supply system of tha basic. .
" -module of the station and transport ajfrcraft. e L

L

<% - . In the eircuit for protection from overcharging, the basie signal to R
7. discomnect the storage battery from the generator is given by the maximum ’ '
'\  - voltage sensor. If for amy reason the protect has not responded by the basic

. ... Bensor signal, the battery disconnects on signal from the contact manometers
-4 7 mounted im the individual storage batteries and responding at a defined pres-.
© " sure in them. In E%e system for protection from overcharging generating the )
- coumand to disconne the load and charge the storage battery, two mininum T
voltage sensors adjusted with a potential difforence of 1 volt are used as
the sensitive elements. The second sensor responds if the first tage pro-
_ . ktect has for some reason falled to stop further discharge of the battery. == . ...

s -

1]
oo

. . The dynamic level of charging the buffered storage battery is controlled
.. using a special ampere-hour counter located cn the cosmenaut panel and also

. ‘over the telemetry channels on- the Earth and at the flight control center. o

-~In addition, the voltages on the busses of the onboard network, the load cur~ -~
rent for supplying the electric power users, the solar cell current and the

. position of the electric autowmation elements are wonitored. constantly. o

- o LR L

e
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" The joint operation of the electric power supply systems of the orbital
.. module of the station and the tramsport ship has certain characteristic fea- .
o tures. After docking, both electric power supply systems are combined. The-
- buffered transport battery of the transport craft is kapt In the charged

state, and 1ts solar cell is connected In parallel to the solar cell of the
7" orbital module. Thus, the apparatus of the craft and the station receives

© electric power from a common electric power supply system.

. . In the case of powerful leng sessions, provislion has been made for the '
connection of a reserve storage battery to the busses of the basic buffer
battery. On completion of the session, the reserve storage battery is _ _
- ‘charged and i3 in the stored regime until the next session with a large con~ =
~ . ..aumption of electric pover. L ‘ . N o ;-
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" ‘voltage stabilizer. This voltage stabilizer insures a highly stabla feed

- measdring devices takes trajectory measurements, transmits control instruc—

T e

In order to supply the scientific equipment with electric power, an
autonomous electric power supply systenm has been installed on the orbital
station. The primary feature of this system is the presence of a static

voltage for the scéuntific equipment with deviation from the rated value within
the limits of no more than 1.3 percent. The primary current source in this
system is one of the sections of the solar cell. Afrer charging the buffered
battery of the scientific equipment, this section is conmected to the basic

.elactric POWEY supply system.

. ; S s . e ! .
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Radio Equipment B : %*,1.;w: T

The onboard radio equipment of the station jolntly with the command- S g

tions and telemetric informatlon, it malntains two-way telephone- telegraph
" communicaticns, it transmlts television imagea and provides precision griddiag -
of tne onboard time to ground time. Lo _‘,.“ i i LTI e T

PR B

The trajectory measurements are ﬁecessary for organization of the com~

"A‘ municatinns sessions, orbit correction, realization of long-range rendezvous

L

' .this, the orbital parameters of the orbital module and the transport gir-

v shifts of the carrier frequencfes of the transmitters at the ground stationa

. the coordinating comput&thn center which processes the incoming -infproécion.

of the orbital module with the transport ship and also for coordinating the = .74 ]
. results of the scientific research - - with them. The transmission of the .

- control commands from the ground command-ueasuring complex is a unique methed R
of controlling the operation of the aqulpmant during absence of thc crew from

.-the station. oo S o . o ‘ =

The onboard radio equipment is a means of transmitting the telemetric
ififormation about tha operation of the onbozrd systems and the results ofaa
oumber of scientific research projects to the Barth. It patticipates in pro-

‘viding two-way telephone and telegraph communications with the 8arth on short- ]

-wave and ultrashortwave and also internal telephone communlcations between = & '
the statlon compartments. The onboard apgparatus for radio communicatilons on !
tha Sulyut station transmits speclal time marks to the Earth for exact cooxdi-

nation of the ‘onboard time uith the grouud time. ,'g f;,y;.w_;‘q;-uu B

4_"‘ P

The orbital parameters of thu Salyut station are measurcd by menns of _ i
two onboard transponders operating on different wavelengths. As a result of

craft can be measured simultaneously. The operating reliability of the
radio system ls improved and the measurement errors caused by refraction and
delay of the radio waves when they pass through the iouosphere are decreased.

By using thb radio aybtam at warious grouand statiens, the slant rang
‘the radial velocity aud angular pesition of the station with respect to tho
neasuring points are deterrmined., The measurement results are transmitted to

The slant range is measured by the method of relayiny the interrogatinu
range signal through the station apparatus. The measurcment of the doppler

and ouboard the orbital station ilnsures determination of the radial velocity. e

" -6.».;\. o
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:'i transmittlng channels of the radio communications system are uged.

. statlons.

The angular position of the station 1s determined using the goniometric asystem
which is a component part of the antenna and rveceiving systems of the ground

. . 5 " T BN I RIS T . . ! - - e ~ .
- e o L 73 - f B A oo [R . . e e T

The systems and assenblies of the orbital statien can be controlled from
the Earth by using thecommand subsystems of the ground stations. The ground
complex transmits command information te the orbital station in the form of
single commands and nuumbers in binary code (so~called "sets"). The oaboard
equipmeut of the orbigal Etaexon procgsses the received numbers in ddvance

and decodes them. . N S 'x .
k..- - -“ B .. PR . T wem "'.‘- b . T ,l“'" R ff'

In,tha orbital module of the station thnre are twn multichannel radio
.telemetric systems.  %he redundant memories of tie telemetric systems con-

'_}'tinuausly racordsall of the incoming information which is later tranemitted

to the ground measuring stations when the orxbital station is in the zone of

-fm{ radio contact with these points. During the process of -communications ses—~
2. .> slons, direct transmission of the telementric information 1s also corganized.

. The operative telemetric information is necessary to control the flight of the
“ station from the Farth and to control the conditlon of the astronauts during
_the periods of ¢ Yocation of the station outside the zone of radilo visibility
from the ground stations. For transmission of this information shortwave -

The ultrashortwave and shortwava raawas in thc radio communicatiOns )
‘system imsure continucus two~way communications of the station crew with the’
eround saations for the entire f£light. The ultrashortwave range 1s the most

- reliable form of communicationsin the orbital sectlous lying within the limits

of direct radio comtact with the zround stationa. The shortwave range is
used for longrange comwunications in tihe remaining sections of the orbit.

x'@L3ﬂ During the work of the crew at the Salyut’ station, “the radio communi-

' catioas were maintained primarily by telephione. However, the telegraph re-
gime of information transwission from onboard was provided for which per-

- mitted better use of the energy possibilitics of the radio lines. TFor tele-
* phone communications, the astronauts used headphones which could be connected -

in warious parts of theliving compartments. In addition, in the compartments
there were speakers making it possible to traassmit without the headphones.

:.".-The redio communications system was controlled from central control stations

and from the work locations of the orew.

"Vﬁ?ﬁF* The television system of the primary module of the saaticn p:avides ."?E;

- for visual observation of the work of the crew from the ground, reporting by
the astronauts amd monitoring of tue dndividual parameters of the onhoard

© -systems. The system has four transmitting cameras, two of which are inside

the station and two outside. One of the inside cameras 1s fixed and trans-
mits tha image of the two astronauts during thelr work at the control panel.
The second inside camera is the reporting camera and permits transmission
form any compartment of the station and also through the ports. It is
equipped with an optical head wltn two iuterchangeable objectives -— wide

angle and telescopic. . - _ : S e R o0 T
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Two of the external television cameras are designed for monitoring tue
orientation of the station in space durlng orbital Elight. In the section
for insertion into orbit by means of cne of the external television cameras
‘the process of separatlon of the primary module of the station from the booster
rocket was monitored. The external cameras have optical heads with two Inter-~
changeable objectives and a set of neutral light filters the raplacement. of
wiich i6 realized by control commands. All of the television camerss agre .

" “equlpped with the tubes of the vidicon type, and for standard srrangement of
‘the 625 lines and Z5 frames per second they have a resolution of 450 elements.
e h The television information is transmitted by external television cam~ A

- eras simultaneously to the video control units installed in the station con~ S
trol panel and on the grauad. In additlon, the telemetric parameters vhich

- ... characterize the state of the individual systems of the station are reproduced - .

" on the television screen of the control panel. .The television camera is con~ C

. _trolled both on command from the ground and directly by the astronauts from

" "the control panels. oo e T Lol e
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gﬁ_HeaE Regulation Systems ‘*hng;;~}; L

: L . The heat regulation system keeps the temperature of the working compart- .. <
. “pentse, the apparatus and equipment of the orbital station and also the tempera— -
ture and humidity of the alr in the living compartments vithin the given limics.
Simultaneously, it ventilates the living and onboard zomes of the station o
including the compartments of the tramsport spacecraft after docking wich the
orbital unit. : - S S e o S . Lo e

It the living compartments of the station the air temperature is kept
within the range of 13-23° C, and the humidity is within the limits of 20-80
percent, and the blowing rate is from 0.1 to 0.9 m/sec. The temperature level
.-+ and the velocity of the air can be regulated as the crew desires.

The temperature of the majority of the elements of the unsealed coupart-

- ment where the primary engime aund the microengines of the corientation sytem .

e owith the systems for storage and transmfgefon of the fuel components are = . 7 .la
* " ‘loecated is stabilized within the given limits. o S R

¥

" The heat regulation system of the station comprises two independent e
liquid loops — the cooling loop and the heatiug loop. Each loop has the = [7.of,
inside and outside mains split to an intermediate hast exchanger. The inside
. mains are filled with a nontoxic explozionproof and fireproof heat exchange
“‘agent of the antifreeze type, and the outside mains are filled with a heat Wy
exbhange agent based on organosillcop compound with a broad operating tempera-—
ture range (from -70 to +100° C). . The majority of hydraullc units of both
" loops were installed outside the station on special panels. For a number of
units located inside (the fans, the devices for collecting coundensate, and 50
_on), provision was made for the possibility of repair and replacement in f£light. gggq

The excess heat is discharged when necessary from the sealed compart~
- meats of the radiator-cooler station the radiating surface of which is about '\ . .-
T;'lg L
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21 mz. In order to increase the reléakility of the heat regulation system
and for protwmction from wmeteoretic pumctures on a prolonged flight, the liquid
eircuits and a number of gpecilal protective elements are redundant.
’ The liquid temperature in the inside main of the cooling loop s regu-
. lated automatically within +2° C of the given rated value. The rated value
is given from the onboard control panel permitting adjustment of the sensitive
element of the regulator to three values of the temperature: 5, 7 and 9° C.

: Io the inside meun of the cooling loop special heat exchange elements
.- are installed which ave a combined cooler and condenaex {cooling~drying appara-
- tus) equipped with flow regulators. As & vesult, the gas temperature is main- il
tained within the limits of 18-22 degrecs at the exit from the apparatus.
s+ In the orbital module a total of six cooling~drying units have been installed ok
77 " of vhich three function simultaneously (the rest are in reserve). The fane R
of the ecooling-drying apparatus jointly with the auxiliary circulating fans
: Yocated in the living and instrument zones create a general air circulation in-‘
the sealed compartments of the station. : o I _
- o . . - TR B T T S
ERRC The 1nside main of the cooling loop is also used to thermostat: the

"

containers w1th the food stores {food refrigerators) . s

- . . . - Pl . P

- A Tha heat and moisture exchange betwoen tho gas media of the compartmeuts
. of the orbital module of the space station and the transport ship is realized
during their joint fliﬂﬁt by using a gas line system hith ciroulating fans,

)  The heat requlred to, compensate for the haat 1OSBLS of tho station into

space is taken from the heater-radiatér. 6 m in area which by design of the

- liguid ducts is analogous to a cooling radiator. From the heating radiator
it goes to the Intermediate heat exchanger, ané from there to the heat exchange

- undits included in the inside main of the heating leoop. The regulator auto-

i matically maintaine the liquid:tamperature in the inside main at the level of
. 21° ©, regulating it within the limits of +3° C of the rated value. The

- manual control of the temperature regulator 1s possible by sending coumands
By for complete closure or opening of the corresponding ducts of the regulator. T
- . } S - ,_r( . el e

Life Support Complex . . ' : ." L

, The life support of the orew onboard the sration is provided by various L
systems., One of them istbhessystem for maintaining the required gas composi-
tion in the atmosphere in the station compartments and absorption of odors and
.dust. -'In addition, this system equalizes the pressure between the station - ..;¥ sy
-compartments and the transport ship after docking and compensates for possible )
gas leaks in case of partial lossg of seal of the object.

. The gas composition systeﬁ!is designed to maintain the barometric pres-—

.- sure within the limits of 760 to ‘960 mm Hg) the uxygen concentratlon at 160-

© 260 ms Bz, the carbon dioxide gas at 0-9 mm Hg, and the harmful admiztures no
 higher than the limiting admissiblb coubentrations-
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In order to supply oxygen and remove carbon dioxide, the regenerator
wodules are used. Each module comprises two cartrides filled with highly
active chemical. The air passes through the regeneration wodules and as a re-
sult of the chemical reaction it is enriched with oxygen., The process of ab-

" sorption of the carbon dioxide gag and harmful admixtures proceeds simul-
tanecusly. .

The input lines of the cartrides are Joined by a tubular collector to
- which the hose of the fan module is connected, The module comprises two
centrifugal fans (the primary fan and the backup fan). Provision has bean nade
. for automatie inclusion of the backup fan in case of failure of the primary
- _one. All modules of the fans are interreplaceable, and they ecan be used in
different cowbinations depending on the speeific eitustion.
wﬂﬁmi$:*i7:f‘ Inasmuch as in the operating process the regenerative materlal absorbed
| - only part of the carbon dioxide generated by the crew, additional carbon di-
 oxide absorption modules have been introduced into the system. The fans (the
o adr ductgsthe circulating fans) insure uniform mixing of the air in the living
and Instrument compartments of the station. .~ R LT

e T s

The harmful admixtures generated inm the atuosphere by the'méteiials and '_::

; Fj;ﬁythe products of the vital activity of the crew (ammonia, carbon monwxide,
“. . hydrogen sulfide, and se¢ on) are obserbed by the harmful impurity filter and
they are also partially concentrated in the cooling~drylng units of the heat -
regulation system, , : e o e I
~ The harmful impurity filter is a cylindrical cartridge filled with

activated charcoal, chemical absorbent and catalyst with a fan unit connected
to it. The dust filters coantiin a filtering waterial made of a mixture of
shavings of organic wmaterial and cherical fiber. In order to improve the

‘The composition’of the air onboard the station ia controlled by means
of several gas analyzers at different points. This permits the crew to

... - check the correctness of the instrument readings and the efficiency of ventila-

- " tion between the living compartments., The instruments operate constantly;
a wvarning signal is generated in case the admissible concentrations of oxygen
. and rbqnddiox;de are exceeded., . - L LR
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" The partial pressure of the oxygen is determined by the electrochenical

: method; the partial pressure of carbon dioxide, by the thermal conductivity

"% method. - The absolute humidity 18 measured by an electrochemfral heating sen~
"7 gor. S ‘ ‘

In order to perform certain operations (for example, evacuation of the

" - transfer compartment or individual boxes for performing experiments), banks

//g of purgi?g tanks have been placed in the transfer compartment.

¢ . . .
In order to equalize the pressurebetwwen the compartments and to re-

.. lease pressure from the compartments, a series of valves 18 used the operation
“of which is controlled visually by the instruments on the control panel and

A
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. efficiency, four layers of filter paper were introduced alse into the filter, =
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by the radio telemetric sggtem data. The commands to include the especially
responsible valves are blocked, their passage is possible only in the presence
of a number of sigus.

" The 1ife support media Include systems for supplying the erew with food
and water, the removal of the productsof vital ectivity, preveation, diagnosis
~and treatment of possible dieeasas, the organizatiou of labor actlvity and

Yest.

Onboard the station provision was made for eating food four d)mes a

day on wvorking days:

early breakfast, late breakfast, lunch and dinner.

Three types of daily rations have been provided including various patural

producta (see the table)

Compoaition of food rations e

s

' Rétio%zﬂd 1

. Ration Mo 2

" Ration Mo 3 .. .

¢ Early break-

A

=?“Dinner;;ﬂ;ﬁ

fast

[ ST

Sausages (entrecote, ham,
meat paté) .
Borodino sread "
Chocolate ~ iUy
Coffeowith milk . .

Carbonate (ham, meat

paté) _
Borodino bread
bweet (praline)

| coffee with milk

Slided bacon (veal,
liver paté, sausage
meat)

Borodino bread = ..

Candied fruit
Coffee with wmilk

Late break—~
fast

Russian chease
Riga bread .
Candied fruit

Beef tongue (pork
congua,
Riga bread

Creamed cottage

cheese with arple

sausage neat)

Creamed cottage
cheease
Blackberry puree
Houey cake

Prunes with nuts

%7 “IBlackberry julce -

Table bread
Capital cockiles
Blackberry jodce

. : puree
Vobla [a flaspian fish Vobla - . 1%o%ia
_ «}iike a roach] Borshich {beet and Kharcho [eating
" {Sorrel soup .. .-:..%. |- cabbage soup] .. |houselsoup] Ty
Chicken (ham, meat pate) Veal (liver paté,  [Chicken (ham, meat = -~
Table bread sausage) paté)

‘Table bread

Prunes with nuts

Puread meat .- . {.re . ious
Table bread T
Honey cake

fPur&ed-baultry'

Table bread
Prunes

Poulery pures -/ <ivhi

Borodino bread
Rusgsian cheese

‘ The early breakfast contains 705-756 kilocatories, the late breakfast
coucaius €00~700 kilocalories, lunch has 798-923 kilocalories, and dinner has

593-743 kilocalories.

Al
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During the sarly breakfast, lunch and dimner the astro-
. nauts received oune hot dish (Boup, coffee) hbaced to tbe required temperature.
S in the onboard heater. S _




Sl ;onected to a hose with a receiving tank into which the water came in measured

The food rations were placed in cooling containers so that the pProcess
of preparation for eating is sccelerated to the maximum. Eating takes place
in a specially assignad area equipped with fictings facilitating thils process
under the conditions of weightlessness. . : . .

The system for supplying the crew with water was based on the water re-
serves Gerrrd in tanks of two types. According to the sanitation-hyglentd
requirements, the water was first preseamved by the introductlon of ionic silver
and put in sterilized tanks, The potable water reservas were déternined from
calculating two liters of water per man per day (the actual consumption was on
- ; the average 1.2 liters per man per day. This corresponds to the wvater reguire-
" ment also for flights of shorter duration). i S e o

In order to drink water each astronaut used a separate mouthplece con~

- portions. When the water reserves in ona tank played out, the crew began to
“'use water from the next. Their order of utilization (Just as the food rationa)

- was determined by the requirement of maintaining the overall centering of the
- s@ation. T T e T e e s R

In order to remove the ligquid and solid products of vital activity on ] '7;

7ﬁﬂtha station, a sanitation unit was provided. Its operating princlple was based -

- on the transfer of particles of liquid exrrements by the airflow into a special
.. collector where they were divided bmtween the liquid and gas.phases, - The solid
excrements were gathered and stored in sealed tanks. The glven system excludes

Y the possibility of having harmful impurities and odors from the selid and

' - mation about the magnitudes of the parameters reqorded by thase instruments

liquid products of wvital activity get Into the atmosphere.

" In order not to exceed the admissible dust and microbic spore level in

the station compartments, speclal measures were taken during the flight pre-
paration phase. In flight the crew periodically cleaned the interior of the . -
compartment and atmosphere to remove dust by means of the onbeoard vacuum- '
cleamar. A reserve of clothing was stored on the staflon for constant wearing
. and changeable sports clothing used when performing the physical exercises. _ ,J;hs;

- For the morning toilet, dry and wet towels and napking made of bactericidal . &= %
" tissue and impregnated with a weak disinfectant wers used to clean the haands )
before eating and to wipe off with after performing physical exercises.
Electric razors and safety razors and combs were used for the beard and,hair.,'; h_4%y‘

" The constant dosimetric control was realized by means of 2 radiometers in
the operating compartment and a radiometer in the transport ship. The infor- ..

" reached the Farth during each comunications seasion. In addition, each astro-
paut was equipped with an individual dosimetrie kit offering the possibility i
-of evaluating the total radiation dosage received by him on completion of the o
" " 'It 4s possible to judge the fitness for work of the astronauts accord-
ing to observations during the television transmission seasiona from onboard
the station, by the radio conversations of the crew with the flight control B

1
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'***The test unit for the physdzal exercises is a treadmill (track) on which the

s The weight suits of the overall typa with elastic elements (tension' i

toe .
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- of research u&ing specialiued equipment.

R I P R 1 v oy R

i DockingﬁUnit o e r?\.<

center and by the execution of the flight missions. In additlon, the state
of health of the astronauts was monitored by the double recording during every
" 24 hours of the flight of some physiological indexes (electrical and wechanical
ractivity of the heart and respiration), which were transmltied to the Earth -
over the telemetry chanmels. ' ' ' '

_ In order to insure the arrival of this information the astronauts put
on specially bent chest belts with the sensors installed. The apparatus per-
nitted the recording end fransmigsion of the physiological parameters of all

- the crew members during one communication session. The astronauts could be -~ .
. found at different polnts of the station in this case. Information transmis-— R
sion has not prevented theilr dynamic operation. Rerivdically (once every B
several days) the physiological paramsters were measured and traﬁ smitted to the
Earth after a doseu physical load. ‘ P T A T R AL LTRSS L ST
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P e g T 3 _,_!_uu T Tl < o

For purposes of medical monitoring of nhe condition of the aatronauts S
“health, the daily oral information was used transmitted by a standardized form,
. In this information the subjective evaluation by the astronauts of their AR
"health was reflected; thers were some objective data, the nature of the L
physiological.iudications (appetite, sleep, and s0 on) and also the results

---------

ror prevention and treatment of posslble diaeaaes and acute functional

-disturbances in the medical equipment of the station provision was made for = .o
Ca pharmacy containing pharmacologic substances for various purposes: anal- ‘
gesics, cardiac stimulants, substances for normalizing the function of the
intentinal track, antiseptics, bacteriostatics, hemostatics, sedatives, ner-
vous~psycholegical tonies, radio protection, and so on. These pharmacies
were available both iu the orblital medule and on the tramsport craft. During

their atay in the station, the astronauts almost used no medicines at all.

b £} order to compensate for the deficiency of thc usual physical 1oad R e
for the organism under the conditions of weightlessness, a unit was put on Lo
board the station for physical éxercises, Speclal weighted suits were used.

- astronauts ave held by shock absotbers and a training sult insurin" uniform .
distributicn of tne load.

units) sewn in were used to create prolonged static loads on the skelatel-
‘ mu-cular system_ simulating the 1oads created by the Earth s 8fﬁV1tY-

l
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The' docking unit is dasign%d for mechanical coupling of the transport
ship to the orbital module after {locking, sealing the joint and forming a
.Passage between the ship and the’ ‘wrbital module by means of the hatches of the
7 docking unit. Through this passagie the astironauts can move freely from the
transport ship into.the orbital mudula and’ back, reducing the exlit to outer
G EPACR. s A g e S g et e e S
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The docking unit comprises two parts placed on Jolned objects. Ona
part is the active docking unit imstalled on the transport ship and equipped
with machipery for realizing all the docking operations; the second unit is
8 passimg docking unlt installed on the orbital module of the station.

Each part of the dogking unit iz executed in the form of two baeic,
functionally and structurally autonomous units: the docking mechanism (on the
active unit) and its corresponding part (on the passive unit); the docking
frame with additional mechanisms loecatad on it. :

X The docking mechanism on the active unit performa the baslec functions L
with respect to joining the objects to contact of the .docking frames., The AR
corresponding, passive part of the docking mechanism i the receiving cone into

. . Waich the pin of the docking mechanism enters during docking. e e TREY

o The docking frame {a the sppporting part of the structural element of
. the unit. The docking mechanism, the hatch cover, the peripheral guide pins,
. -the electrie plugs, the sensors and peripheral frames, the seal and other ele- -
‘ments are mounted om it., - . o R : T
_ A The docking mechanism comprises the base of the sten, the electric drive
._:;Jwith'guides, the drive for withdrawing the detemts, the two spring mechanisms
~.and two side shock absorbers, The base is installed on the hatch cover through
© 8 ring which 1s attached to the base using four pyrobolts. ’ S

' “"5éThe docking mechanism provides for shock absorption of the collision
of the object, their coupling and the drawing of the coupliug elements to com~
tact of the docking frawes. During the readezvous and docking process, the

~ necessary signals are seni to the ghip control system. The required informa-
tion reaches the pilot control pancl and the telemetric systen.

.7z . i» .7 The shock absorption of the collision is realized as a result of dis— nE
placement of the stem of the docking mechanism and rocking of it with respect
to the base onr a ball hinge. When seating the stem, a spfral spring twists, Co
. dnd first the electromechanical brake turns, and then the friction brake. Lol R
»* ' The ‘emergy of the shock absorber in the lateral direction during docking is =~ 7
absorbed by electromcchanical brakes and apring'mechanisms which return the
. 8ystem to the intial positlon after the shock. After capture of the head by
the recess of the receiving cone and damping of the relative voscillations,
the drive cf the docking mechanism 1s connected to the drawing and equaliza-
tion of the docking surfaces of the joined objects.® ' ‘
R A P PR VT WL
S ~ A'mechanism for opening and sealing the cover is installed on the frame
of the docking unit; ingide the frame there arae peripheral locks, a drive for
them, guide elements, electric plugs, spring pushrods and sensors.

A - R LI T PR
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. The,docking seal 18 executed from two concentric rubber rings arranged .
on an active unit. Each of the eight peripheral locks conprises an active
lock displaced with the help of an eccentric mechanism and a passive lock
loaded, with a spring. All of the pulleys on the eccentric shafts and the drive
~drum of the locks are joined by a flexibhe coupling permitting them to be ro-
~ tated in both directions, o :
‘ g (S . '-31'24-. S
L . AT

i
b -
TR * - - A : R T
/ ! ! . Co : b PR :
i [ . . - . /



i i Rt PPN T R LI T S T I8 e T S P P SR E TP R AR b B o et A

. . . s - Sr e A : o e . - - <
E . . 1T il L L . et . PRI

The mechanism for opening end sealing the cover comprises a system of
catches connected by the thrust rods of their electric drives and the cover
‘ opening drive.
Ihe undocklng of the trdnsport snip aud the orbxtal Hcdulu afcer clos—
ure of the covers is realized with the help of the drive which simultaneously ]
withdraws all of the active catches from the coupling with the passive ones. T
Then the objects are drawn apart by means of four spring thrust rods. There o
is a backup pyrotechnical undocking sy¢tem.

~';;H;*r' The execution of all OperatiOns with respect to docking and undocking ok
- is possible both in automatid mode and with control from the astronaut's panel.
Provision has been made for the possibliity of controlling the mechanisws of

' -. the passive unit from the transport ship ard also tranSmissiOﬁ of commands for .;;ﬁ
© the execution of individual nparations from the ‘Earth with respect to the com- i

'.‘mand radio lina., e e e P R A ST ST I

_rProtective Fairing

<ea T c e T

o cIn order to protect the structural alemants and instruments 10cated 7 _
, ;jyoutside the orbital module of the station from thermal and aerodyuamac effects X
"7 in the withdrawal section protectiva fairings are used. : v
r ;

‘ " Thé transfer compartment uf the atation ith the docking unit the

" panels of the solar batteries and the antemnas is covered by the noge fairing..
Part of thes port of the working compartment is located under the upper blister
fairings, and theoptical iastruments, under the lower blister fairiags. The
compartment for the scientific equipment, the three ports of the working com-
partment and the artenn“ of tha ERA apparatus are coverdd by the individual
covgrs. - ' :

S ‘\' . . SR . = R
St S - ., ; A

- All the failings and.‘covers are scnarated by naans Of PYrOIOCks’ hhe SR
time of separation of the fairings is selected” coqeidering that they have
- reached a remote zone for from populated areas. - The structural design of .
% the separation mechanism excludes the mechanical agd thermal effect on the - 7'Iv
structural elements of the statioh and also it excludes the products of com- ST
bustion (during response of the pyrotechnical media):from getting into the
.. 0ptical instruments and solar ‘cells.. Tha commands for control of the prc»eBS. .-
" ‘of separating the ejected elements ¢ome ftam the bﬂoster rpcket. ' o

gy
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',Transport Ship

o et Doy . L ER o :
- “; AT e DT B Ao e

o -,..f'»

In the experiment with the aJi ut Stdtion, tha role of the transport
ship was played by ome of the versigns:of f/he three-place Soyuz spacecraft.
Just as all otler spacecraft of thiz’ serlim, the'glven version of the Soyuz

_ comprlsed aw orhital compartment, L@& st@rminn appdratus. cha instruﬂent com—

: partment and the engine., - { Ty RN LT : SRR

The orbital compartment was 1c3cated in tﬁe forward scction of the ship
w. ¢ and commumicates with the landing mol'ule byy means of & sealed hatch. The o
- compartment is designed for the coszgmmauts to rest, the performance of S

¢
lm‘_‘.
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@C: maneuvering in orbit, rendezvous and docking of the ship with the orbital unlt
'"n;of tne station and launchlng to Earth.__;‘__f‘”nn_‘ﬂﬂ s AR

, 'ﬂ”equipment, thermal regulation, radio equipment, and so cn. There are twe s |

.7 “making and photozraphy. On both sides of the{ceﬁtrgl chair there are two

' _ing the surrounding spacc, taking pictures and for sclentific research.

... useful load received from onboard the orbital station to the Earth. Simul~.
+-'taneously, the landing module is the cabin of the astronauts in which the

“'€Directlj before landing, at an altitude of about 1 meter, the soft-landing S
ﬁ,,ity does not exceed 2-3 u/sec. A special automated machine controls the o
i0peration of the set of landing devices. -For fast search after landing, the - . . =
landing unit is equipped with radlo systems giving it a direction-finding

'51}on the ground or in the water.%nyk_gﬂ.,3Fﬁﬁ;g~aWu____,;igﬁ;_} Fd el R

- monitoring the systems and units of the craft, the navigatiocnal equipment,

. systemb

< et < el .- v [ - R o =

scientific research and the placement of‘tﬁe usaful load delivered by the

transport ship. The orbital compartment 18 equipped with a docking unit in-
suring a mechanical coupling of the ship to the orbital module of the station
after docking and the possibility of transfer of thu astrOnautv from the bhip

" to the module.

In addition to the dellvered losd, in the orbital compartment of the

~'ship there are life support units, food products, a water supply, scientific
- movie and photographic eequipment, communlcations equlpment, ome of the tele-

E-

vision cameras and ether equipment. The compartment has four ports for observ-

- P L I
PR - P

' Tha basic purpoae of the lnudlng module is delivery of the crew and

basic control elements for the ship are concentrated. In the landing mwodule
the crew is located in the section for putting the ship ieto orbit, for RN £

L i ";
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_The hull of tbe 1anding module is sealed and protected frcm the outside

.- : by heat resistant coating preventing it from heating in the launch section. L
" The shape of the apparatus insures an sercdypamic 11ft of the required magni- '
- tude during flipght in the atmosphere. Dy varving it, the flight in the launch -
‘section of the apparatus in the atmosphere is controlled. The use of the L
. sercdynamde quality insures quite smail magnitudes of the G-loads acting on =
‘the crew durilng launch (to 3-4 units). The control during luaaCn ¢1wni£icantly
‘ improves the accuracy of lancing of the apparatus.

in the landing module there are three chairs for the cosmonauts, the
control panel of rhe .alWip, the control system equipment, the life support

parachute systems (the baaic and reserve) in special containers.
-The braking parachute of the basic system opens at an altitude of 9 im. . 4%§§

blast ‘braking engines are switched on as a result of which the landing veloc-

capacity in the segment of the decceat using the parachute and after landing

ot
C

On the control panel of the landing'module thera are instruments for

the televxsion screen and the keyboard switches for controlllug the onboard

'..-s N - 5o e T e

© e N . P - w

AlOBE vith thipanel on a spacial port there is an optical viewer. On
the port and starboard sides there are ports for visual observation, movie

.
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control levexs for controlling the craft: the right-hand one is for control-
1ling the orientation around the center of mass, and the left-hand one, for
variation of the linear veloclty during maneuvering. rende?vous and docking.

The equlpment of the ship prov1de5 for the possibility if necessary of
coopletely autonomous flight and piloting of the creft without the partlgipam
tion of the ground command crew. . A . : .
The instrument compartment is designad for the basie onboard apparatus . ‘
and the propulsion unit of the spacecreft operating in erbital flight. In i
- the asealed section of the instrument compartment conditions are maintained R
which are required for normal functioning of the apparatus. This compartment )
_ Includes the following: the loug-ravge radlo comnunlcations and radlo tele-
3ff; netry equipment, the orientation and the motiocu control system instruments
' with computers, therunfts for the heat regulating system, the power supply,
-..and 80 on. In the unsealed section of the instrument compartment there is a Vo
T liquid-fuel rocket power plant used for mapauvering in orbit, rendezvous with
- a docked object and also for descent of the craft to .the Earth. The setup in- = If.
cludes two cngines (the primary engine and the reserve) with a thrust of 400 - n
‘kg-force each. For orientation and displacement of the syacecraft when . o
maneuvering there is a lowntnruat control motor system.,

Ea

o ‘i? =

On the autslde Surface of the instrunent compartment there are th°
aensors for.the orientation system and the primary antennas for the spacecraft
"gystems. There are two solar cell nanels which are onened after the space-

" craft is in orbit.

- . In the insertion section the spacecraft is protected from the effect of
aerodynamic and thermal loads by a nose shield which is ejected after passage

_ through the dense layers of the atmosphere. The astronaut rescue syqtem power
.- plant is installed in the forward section of the nose cone. In case of an caaF
“emergency during the active part of the trajectory, it separates the nose cone
together with the descent apparatus from thz booster rocket. In this case
. the descent apparatus energes from the nose cone after separation from the
A booster rocket and descends on parachutes for a soft landing. Lot "

- Ombeard Spacecraft Systens
- One of timbasic systems {8 the system for orientation and control of
the motion of the spacecraft performing a nuuber of functions. It provides
.. for orilentation of the spacecraft in space, stabilization during operation of -
. ‘the engines and control when maneuveriung, rendezvousing with the orbital medule
~of the station and docking with it. The gystem c¢an operate both in the auto-
mated mode and in the wmanual control model It includes a number of oxienta-
tion sensors, the optical viewer-orientation unit of the astronaut, the
' gyroscopic instruments, the computlug modules, the radiotechnical devices for
o ".search and measurement of the parameters of relative motion during rendezvous,
thae servonechanism complex and low~thrust motors.

A
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X

» . The manual control of rendezvous of the transport epacecraft with the
orbital module of thesstation is realized by the astromauts from the transport




craft. In thls case the orbital moduie; fust a3 in the dase of automatic
docking, is oriented by the docking unit along the viewing line.

The information about the position and relative speed of the space~

‘it exaft and orbital module is received by the cosmonauts by means of the optical

views and television system. Tiae transmitting camerss of the television system
have a variable ficld of view regulated by the crew. It permits wariation of

- the image scale.

™,
\

The relative speed of rendezvous of the spacecraefi and the orﬁltal

v module and the range between them are measured by the radic system uscd also

p:_for automatic rendezvous. The measurement regults are disseminated to ‘tha .
“"~Ve10cit; and range indicators. i

B
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Lot The power supﬂly of the onhoard aquﬂpment 1s realized by the centralized

; fﬁ‘eleétric pover supply syi¢em with solar cells having 8 usefuliarea af 14 né. S

’,After docking of the spacecraft with the basic module the solar cells are used
' g'in tne general alectric ~power supply aystem of the orbital station.-

Y

| The set of radiotechnical devices insures the daterm$nation of the

" orbital parameters of the spacecraft, the reception of coumands from the Earth,

two-way telephone and telegraph communications of the astronauts with the

Farth in differcnt wavelensth bands, transnission of the television imaces
of the situation in the spacecraft compartments and the exLernal situation
observed through the ports to the Earth. .

TS
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The onboard television systcm has three cameras (one inside the space-—

;EWcraft and two outside). They provide for the transmission of the television

image of the normal standard. The multichannel radio telemetric systems per—
mit transmission of a large volume of information. During flight of the

spacecraft outside the'line of sight of the ground receiving statiops, the

" measurement data is accumulated in the onboard memortes and transmitted to

the Earth in the next radio communications session.

 The set of 1ifa support systems ﬁncludes the syatem for reeeneration

" of the atmosphere, the food and water reserves, and the sanitation unit.

Regeneratlon is insured by cowpounds of alkald metals which absorb carbon

" . dioxlde gas with simultaneous release of oxygen. Special filters absorb the. . <=
?'fharmful impurities. ' . S L

The heat regulating system includes a liquid heat transfer circuit,

an external radiator-emitter and a number of heat exchange units in the space-

craft compartments. Simultaneously with maintaining the temperature condi-

" tions, it realizes condensation of the excess moisture in the atmosphere of

'uflthe inhabited compartments, collecting it ia special moisture collectors.

Tp e

The temperature and moisture levels can be regulated by the astrOJauts. -

e s '."‘-‘-.,".\ xR L ey .-“*; “ "~ -, :"- P . e

P - For recognition of theorbital module of the station and determination IR
: _of its relative orientatiom with xrespect to th2 spacecraft, optical and tele-
- vision indexes are established on 1t.  *. .. . T A A L S S ‘1235”




When developing the structural design of the improved docking unit
for the Soyuz transport spacecraft and the orbital module of the Salyut
station, the previous expericecé in automatic docking of spacecraft of the
Kosmos series and the experience in docking the Soyuz-4 and Soyuz-5 manned
spacecraft was considered. After docking the transport spacecraft with the SR
orbital unit of the station, a large number of onboard systems of the space~
craft are switched off and canned. The solar cells of the ship and its

regulating system are connected to the corresponding systems of the orbital
module.

The inhabited compartments of the spacecraft {(the orbital compartment -

and descent apparatus) with a total volume of more than 9 m3 after docking ._'Aqaﬁ[

. are connected to the general system of compartments of the station, and they
e ara used for tha crew to rcsL and purform certaln types of operations.

S . -

Grouﬁd Tests and Preparation of the oalyut Station for Flight
Lono before launching the Salyut station, a great deal of work began L

with respect to preparing the crew for performing the broad program of scien-— DR
- tific research and experimentation. The training of the cosmonauts with re-
spect to controlling the station and the transport spacecraft was organized.

» Ground services and the complex of apecialized technical davices for flight o
‘ control of the spacecraft and station were prepared. T e ' o

During preparatiOﬂ for flight. the crew studled the structural desiﬂn
" of the station and transport spacecraft, the operation of all unite and on-
board systems, the developed skills in controlling the station and spacecraft
and the procedure to be followed in performing the sclentific experiments on-
“ board the station. ‘

A - Before beginning f£iight testing of the Salyut station, a large volume _
", of operations were performed with respect to ground processing of all 4ts = - | i~
-elements on experimental and test units and mockups. )

il et “The mockup for daveloping the general composition and relation of all
7" the compartments and equipment of the station was dome on a natural scale Lo
and was outfitted with proppriy scaled mockup models of the apparatus and
~ equipment. The natural woéel was used to organize the efficient placement of -
- the equipment, simulate the operating and television lllumination, plan the e

interiors of the 1living comnartments, and so on. .

i A specialized mnckup was prepared for static and dynamlc testing of . .7 vt

the station compartments, checking the strength of the housing, the units S
for attachment of the equipmeut and other elements of the structure under the

" conditions of simulating static and dynamic loads which can occur in various

' stages of the flight.

: " The experimental engines permitted the development of all of their ' T
units, the filling of the engines with fuel components, and so on. During

the “firing" tests, the operating life was ch»cked and the engine charaater« .
ietics were more precisely defined. - ST : oo

- 29“‘—’
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+ = Mockups were built for developing the life support system for the crew
and the heat regulation system, including the natural-scale mockup of the
station forxr complex teating b the barochamber with simulation of the factors
of outer space. The all-around testing of all of the life support devices
was carried out with the participation of examinees who lived in the isolated
compartments of the mockup of the station for.the same time and under the
same conditions as provided for by the £light progranm.

: The wmockups for developing the efected and openad elements of the ska-
tion were used to test tue dynamics of motion of the structural elements,
determine the loads occurring during the operation, and so on.

7700 The experimental deviee for developing the new docking unit offered . 7v
the posgibllity of checking the process of docking the transport spacecraft
., ...with the orbital module of the station under varicus initial conditions of T
%gy'-relative motion (linear and angular displacements, angular velocities). Lo AR
.. In addition, a number of experimental devices were built for developlng the . - s
f*?ifapparatua and units under ground conditlons. oo _ - e

R The training of the CTews Was carried ou on trainers by means of which R
”fakills were developed Iin the control of the systems and dynamics of motion of .
the objects, and the interaction among the crew members was worked out. Dur~ . LT

7. dng these training sessions, the operating program for the individuyal members .7
f_uf the crew and the daily regime vere more precigely defined R

,_' ﬁroviaion was nade for a clear distribuLlon of dutins among the cEBRy
members., AR - :

During the process of preparing for flight the cormander developed the
technique for piloting the tyransport spacceraft and station during maneuvers
and other dynumic operations. He coordinated the work of the eutire crev and

,¥made declsions regarding operations ia unforebeen aituatlons.

The flichh envineer controllud the state of the onboard systema he

. provided proper maintenance and servicing for them, and together with the
..~ cormander he participated in maneuvers and dynamic operations and on oceur~ = i
" rence of unforeseen situations he preparad recommendations for decigion-making.

Tha test engineer mas {nvelved thh developing new instruments and on- =
board systens tested in flight, and he prepared the scientific apparatus for .. -
performing thevmxperinents. . -

T

:qé{ ALl of the crew members were trained for the performance of research
onhoard the station alone and jointly. Each of the crew members anawered for
the performance of a defimed group of experiments. Puring his watch, each
crev member maintained communications with the Earth, carried out mandatory
obligations with respect to cleaning the station compartaents, food prepara-

"~ _tion, and s0 om. U DI ST S : - u:;nﬂa

’ When necessary, all members of the erew wera ready to perfornm opera—-
~ ..tions connected with sexviciag the vitally important systems, inauting aafety PR
~ of the crew in flight and returnina it to the Earth. ‘ L

wé¢_3g(_-
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The clear distribution of the basic functions among the crew members,
thelr comprehensive training, interchangeability when performing the most
lmportant operations —- all insured high fitness of the astronauts and
efficiency of their operation in space and, in the flnal analysis, the success=-
ful execution of the £light progran.

Flight control of the Salyut station, just as all grounu Surfaces and
devices was assigned to the flipht control tenter.

In operating practice the flight control center provided methods and
.. means of control well-checked out and developéed in advance during flights of R
Uh_the Soyuz serles of spacecraft. TFlight control of the manned spacecraft and R
stations 1s a complicated process realized jointly by the ground Fflisght con-
rtrol center and the station crew us;ng the set of ground and onboard technical
R devices.» e LY R T RO .

N ERD
- T .

o : Burihg"thé process of flight control, a number of Interrelated problems _
ffiare solved Tnese are, above all, the prospective flight planning consisting oo
. in the development or meséipmments of the entire flight program with cousidera- R
< tion of the specifically developed situation. Its purpose 1s the insurance

of the-greatest efficiency in carrying out the basic flight missions. During Lo
prospective planning, the required duration of the flight, the composition _.:‘”?'"

- of the experiments, the volume and sequence of performing them, the distribu~

2 tion of the energy reserves with respect to flight stages, and 50 .00, 2Ta more

'1‘precisely defined. 2 uring prospective planniug.

_ The next miss¢on of tha COquol¢clomengo congists in operativo fligot

" planning which determines the operating program for the near future or the

next orbit. A version of performing the next stage of the flight is sclected
and developed in detail. The operative plamning provides for the distribution
_...0of all operations performed onboard the station by its crew or automated systems

- and and emact tying of them to the flight time. 'The basic characteristies of .=

the crews and administration and methods of transuitting phem are defined, and
radlograms of the crew and radio commands generatbd from the Earth are pre«

\--‘:',"-pared R T T R S T e Tt - TR IINIE
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Simultaneously with the operative development of the flight plau, the
. insurance of technological operations necessary for flight control is plaoned.

~ In particular, for example, the operation of the ground command-measuring SRS
complex is plamnned, the ﬁnstructions are prepared for nhe tracking antenna
}1systems, and 80 on.-_;,_vA - _ : e
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Durinv the flight control process, in practice the flight plans are
executed. The control center ascends radio commands from the Earth to the

" onboard automation devices and the onboard systems. It transmits radioprams
to the crew with recommendstions, individual assipgnments and other necessary
information.  The center records and monitors all the control commands trans- = |
nitted by the astronauts from the onboard panels, and it £olless the movement
and mapeuvers ofthke station or spacecraft performed directis by the commands

,of the crew or the servomachanisms of Lhe automatiOn devices on 1nstructious
‘from the Earth. SRR S
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" The varilous equipment of the station is ewiteched on and off on com-
mand from the Earth or from the onboard panels, and its operating modes are o
selected, The control of the station and the spacecraft in performing the
standard operations of the flight program always taking place identically .
.+ -with respect to specific alpgorithms is realized by means.ef.the onboard pro- - ¢
grafi-tine and logical automated units. These operations,include, for example,
the maneuvers and orbitsl corrections of the spacecraft or station, soms
‘dynamic processesgconnected with the movement of the station around the center
of mass, and so on. In this case, from the Earth or from the astropaut panel
instructions are sent only for the beginning of such operations, and the neces— .
- -sary adjustment of the lustruments 1s carried put. The broad utilization of S
- -the onboard automatic equipment for flight control of the Salyut station and ' g
+* " the Boyuz transport spacecraft permitted significant simplification of the

control process and improvement of its reliability. R

Nl
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ST T In the manned £1ight stage the control functions are distributed among,
.. -'the control center and the station crew so that the crew is relieved to the
© 0+ maximom from the contrﬁlooperations. This permits it to concentrate the basic

Croeanl
" R Lo

'tr*efforts on the performapce of scientific experimenta and research, to give "rfi'gé,
t, ;- more attention to direct servicing of the station Systems. Prospective and =~ = -

operative planning and also the planning and insurance of technological
... operations are realized by the flight control center. Both the flight con-
1. trol centvpl center persounel and the crew of cosmonauts in optimal coopera~
,tion for cach specific case participate in the operations with respect to PRI
- controlling the statior and the spacecraft.’ Provision has besn made for the
possibility of completely autonomous control of the flight of the station and
spacecraff and realized by the crew without the participation of groung
personnel. In thegglven case, the onboard control units and the onboard systems
for display and representation of the £iight situarlon are used. The possi-
bility of autoncwous flight control can be used by the cosmonauts during
: flight outside the zone of radio visibility of the tracking stutions or in g
- 7: " case of disruption of radio communications with the Earth. - - Soeme T

«

i In the flight sections of the station without the erew, its control is .
irealized by the ﬁlighgchHtIOI-Geﬂter!.,x, e w J&uikr}u:{"wéﬁvmfﬁxﬁQ}ﬁ~‘-??
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- Durdng flight a large volume of informatics characterizing the flight
situation constantly reaches the filigat control center. Thiz information is
. . 8ent both from onboard the station or spacecraft. and from the Farth -~ by the
- various ground services. TFrom onboard, for example, various reports come
from_:ha crew along with telemetric information on the state of the spacecraft
.. .. OF station, televisioniimages, acknowledgements of reception and execution of . .vny
7% vadlo commands transmitted from the ground, and so on. The ground services ‘
transmit the trajectory measurement data, information about the radlation
situation, the meteorological conditions with respect to the flight route and
" in the landing areas and so on to the center. Ce
-7 77 - The information sent from opboard is receivad by an gntire series of
- ground tracking stations located within the entire territory of the Soviet
" Union and also on ships of the USSR Academy of Sciences participating in
n.- Studylng outer space and located in the Atlantic Ocean during the space flight.
C : B T PR " o
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 The information received from onbeard is transmitted to the flight control
center by ground communications channels or using the Molniva-1 communication
satellites. . . . : : o Lok

‘ The telemetric information flows about the state and cperation of the
onboard systems and unlts of the sration and spacecraft and also about the
condition of the astronauts’ health is deceded, processed and coordinated with
the flight time at the flight control center. The primary information analysis

" is performed automatically on reception by means of high speed computers. This
is determined by the correspondence of the parameters obtained to the normal
or expectad values. The results of analyzing the information in clear form are
automatically depicted on special television sereeng, light Wdisplays, and

- indicators, and they are used by the flight ceater personnel for monitoring
the course of the flight during the devalopment of operative plans and during

, ﬁflight control. S A T . P T
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o The radio convergsations with the crew during the entire space flight L
"+ are carried out from the comtxol center. During £light the station ouside the .
CL limits of radio visibility from the territory of the USSR in the zone of radio . ;
- L.+ visibility of the ships of the USSR Academy of Sciences, the control center R
©° " has the possibility of maintaining communications with the cosmonauts via the
~ Molniya-l coummunicatinms satellite. The television images received from on- . -}
~ . board are used during the communications sessione for direct observation of ..
"~ the operations of the crew and the processes taking place on the station.
. .- The magnetic recording of these images is used for subsequent analysis. The
) television observations of the cosmonauts help the doctors to evaluate their
©7 - .physical condition and $acilitate medical monitorinaz., The movement of the
~ television screen of the images of the Earth, the Sun or the Moon transmitted
from the outside television cameras gives an 1dea of the orientation of the
station in space or the direction snd spued of its votation.

- The radio commande formulated at the control center are sent to the L
* gspacecraft or statiom from the transmitting command radiec stations also lo~ '
cated throughout the entire territory of the Soviet Union. :

st U The broad network of trackipg stations eéﬁi??ed with modern radio . -
" engineering systems and computer engineering combinad by communicarion lines
into one multifunctional complex insures the required redundance of the de- _
vices and the reliability of coantroiling the space flight. . . TR I
The personnel of the flight control center for the Salyut station in- .
_ cluded, ia addition to the fiight control specialists, doctors for following ,_u;*;"
'~ the condition of health of the crew, sch@ntists who coordinated the perfor- .7
mance of the sclentific research and experiments onboard the station, de-
signers and specialists with respect to the onboard systems of the station ,
who moniter their operation during flight, coswmonaut-pilots who have partici-
Pated in planning the flight and in the control of it.

o

Just as the erew of the Salyut stacion, the personnel of the coatrol

center, preparing for the flight, have undergone a cycle of theoretical aud
,‘nif"ﬁvwlyj.*l’ﬁwn“k.;'r»~'f'«“'s AT :y‘tf'?“r‘:f e et e g
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practical exercises and training sessious. During these exercises, the
apparatus of the control center Investigated the structural design of the
station and the transport spacecrafe, and the methods of controlling them.
During the training exercises, the interaction of the co~-workers of control
center with each other and with the c¢rew of cosmonauts and the execption by
each of them of their duties during the £light control process were developed.

Before launching the Salyut statlon Inte orbit, complex training exer-~
ciges were carried cut by the control center jointly with all ground services
and calling on all the ground technical media providing for f£ligiht control.
In the final stage of ground preparations, complex tests were. also performed
on the onboard devices and equipment durlng the process of whieh all of the

.. basic flipght regimes were developed, This waz a type of general éxercise in—~

dicating the complete readiness of the crews of cosmonauts and grouand control
- . personnel for flight, the raadipness of the Salyut statlon, tha tranﬁport space- =
‘craft and the ground technical control devices.: - R P

v After successful completion of the ground developmcnt,;técﬁniéal and

f‘iforganizational preparation of all the ground services, the Salyut orbital

station was launched’ and inserted intc Farth orbit. All of the control ser-
“vices and media began to work strictly by the chart matched with the flight -
- program. The necessary corrections were made to this chart during operative =
- more precise definition of the fllght program. A doioe Sl

- LAY
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Flight of the Salyut Orbital Scientific gga;ion ' ;;’ ;wlj f““{ﬂ-\ -

. Launching the Salyut - ' N R

After successful launching on 19 April 1971, in accordance with the
space research program, work was started in the space of the orbital scientifie
gtation Salyut. This was a new typez of space apparatus permitting the complex
geientilfic research under conditions of prolonged fligut to ba performed both
automatically and with the human participation. e > A

In the first stage £light was reallzed in the automated mode. After

. speparation of the orbital module of the station from the last stage of the . . .

s

. from the rocket was halted. Lo s S, R

booster rocker, the panels of the solar cells opened automatically, and the
onboard radic system antennas took up the operating position. On command from
the ground, rotation of the orbital module which haa started on separatlon

v

~ The station was inserted into orbit close €0 the calculated ona with .
~ the following parameters: maximum distance fromkthe Earth's surface {(in apogeo)\
222 Jm; miniuunm distance (in perigee) 200 km; orhital period 88.5 min; orbital

inclination 31.6 degrees. N
* i b L i v . . ' o
i §

_ At the calculated time after launch, the orbit was corrected. For four
days, from 19 to 23 April, the station flew 'in the automated mode in Earth
orbit and completed 66 orbits around the Parth. The fitness of all systems
of the statlon, the seal of its compartments and readiness to receive the crew
onbbard were checked.

b iy i—,i"
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According to the telemetric information data obtained and processed
by the coordination-computation ceatez, the onboard systems, the unlts and
scientific apparatus of Salyut were operating normally and were ready for
perforning taperimenta in space. On command from the ground, the statlon pex-
formed all operalbions provided for by the test propram.

B DBcking -the Orbital Module of the Salyut Statlon witn the Soyuz-10
- Transport Spacecraft | : . 3%\ A ——

On 23 April 1971 at 0254 hours Moscow time, the Soyuz—lO transport
-apacecraft was put into Earth orblt with the crww cnboard made up of the space-
craft commandey, twice lero of the Soviet Union, Astronaut-pilot of the USSR,
~ Colomel Viadimir Aleksandrovich Shatalev, Lthe flight engincer twice Hora of
- the Soviet Union astronaut-pilot of the USSR, Candidate of Technical Scilences

- ‘AleLsay Stanislavouich Yelisayav, test enginesr ﬂikolay Nikolayevich Rukavishnikov.

- ‘. SR ae
;

The launch paraued the goal of joint eyperiments with the Salyut station,

. checking the improved onboard systems of the iransport spacecraft furthex

development of the control, orientation and navigation and atabilivation sya¥\,\

tems, and the performance of medical- biologicdl rcsearch.

KIS .| N N .
.ff-i ~ The 1nic1a1 apogea of/ the orbit (bytthe cﬁnditions at 1200 MbchW'time
.. on 23 April) was 246 km; the perigee was 208 km, and the orbital time was 89
“‘minutes the inclination of orbit was 51.6 degreeé

After orientation of the spacecraft at 13;5 hours on 23 april a cor~
.rection was made Co the orbit by means of the manual coatrol system. The
Soyuz~10 spacecraft was put into a new orbit with parameters similar to the
parameters of the orbit of the Salyut statdion.

; - Stable radioc and television communications were maintained with the
“crew of the transport spacecraft. According to the report of spacecraft com-
mander V. A, Shatalov, the astronauts felt good, and the onboard systems were

-operating pormally. In the living compartments the conditions were being main~ .

- .. 'tained similar to the Earth| The astronauts checked the onboard systeme and
" did tke necessary preparastons for the sgacecraft to perforn joint experiments
with the Salyut station; i

A ‘ ».‘ - v "\-c‘._

Ou 24 April 19?1 at 04&7 Hbscow time the Soyuz—lo transport snacecraft
was docked with a Salyut orbital statlon. The process of docking the space-

.. ecraft is carried out in two steps. In the first step the spacecraft rendez~ e g

vous with the station to a distance of 180 meters in the automated control
"mode. Then crew-controlled docking took place. In this stage all the con~

trol media for docking the transport spacecrafc with the asalyut station ware
checked out. .

During the process of joint flight of the spacecraft and the orbital
station lasting > hours and 30 minutes, a new docking system was tested.
Joint experiments were performed, and complex checking of the improved ou-
baargnsystema of the sransport spacecraft was carried out. In the various.
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flipht modes, manual and automated systems for control, orientation, naviga-
tion and stabilization of the transport spacecraft and the orbital nodule of
the station were developed 1iu various flight regimes.
After performing the planned experiments, the crew separated and with-
drew the transport spacecraft froa the station. By using the external tele-
vision cameras installed onboard the Soyuz-10, an .image of the Belyut station
and individual elements of the structural design were transmitted to the Farth.

a - The crew of the Soyuz=-10 spacecraft performed the planned medical-bio- o
. logical studies of the effect of space flight factors on the human organism, A
"and it also wade a documented movie and took documented vhotographs. .

L At 25 April 1971, 4ia 2 hours .40 minutes with Tespect to Mnscow timo the LL; ﬁfj
e Soyuz-lﬂ spacecraft completed a soft landing 120 km northweat of Karaoanda. S
- The flight of the Soyuz—lﬂ transport sPacecraft pcrmitted tcsting of .
X ‘rf* the new docLing module, in particular, improvemcnt of its manual control "*;f:fﬁie
'\ . . - EETL 5

e Ta s % REEEA
O The studies made in tested flight served as the basis for preparlug a ;
: new expedition intc space._ T ,A;u‘.-, N Ag‘u-ﬂ_;AL, ”“\ C e Lt
o _ Flight of the quuz~11 Transpcrt Spacecraft and Creation of tne Salyut ) B
U Manned Scientific Stagion S § . o e
- Foo T N ' .
ot SR On 6 June 14971, at 0755 hours Hbscow time, the® Soyuz-11 transport space-
craft was launched with a crew made up of the ship commander Lieutemant :
Colonel Georgly Timofeyevich Dobrovol'skly, flight engineer, Hero of the Soviet
Union, astronaut-pilet of the USSR Vladislav, Hikolayevich Volkov and test
- engineer Viktor Ivanovich Patsayev. The primary goalg of the flight wvere
- +-docking the transport spacecraft with the Salyut orbital module, transfer of gﬁ.‘ “
" Y. . the crew to the sclentific station and the performance of scientific-engineer- =~
_ ing studies onboard it for a prolonged period of time. At 1350 hours on 6
7. June the apogee of the 8oyuz-1ll orbit was 217 km, the perigee was 185 km, the = .|
-;_Jg;rotatipn t;me.waa 88_3qmin, and the inclination of the orbit was 51.6° degrees.,gg“ﬁIZ‘

w1

On 7 June after performing long-range rendezvous mancuvers on 797 turns
.© of the falyut station around the Rarth the Sowwz-1ll spacecraft rendezvoused
7 And) docked with it. The crew of the spncecraft checked the seal of the

_ docking, the reliability of the connection of the electrical and hydraulic
... lines and completed its preparations for transfer to the Salyut orbital mmdule.
T 2PUT- On the 801-st orbit of Balyut at 1045 hours Moscow time, the astronauts opened’

5, the covers of the inside hatch and entered the orbital module COmpartments.

' Thus the first all-term manned sclentific station, Salyut, began to function. -

e
14

A

"After demothballing and checking the fitness of the onboard systems

~ i+ &nd scientific equipment iof the station, the systems of khe tranasport ship

were mothballed, and the astropauts began to carry out the sclentific and
,technccal expetim&n&al progran:.
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The labor and rest regime of the crev w
_ . of training the astronauts. Every flight day
- crew worked on & defined scheme including cons
Operations were performed daily with respect t¢
Part of the working day was devoted to carryin
ments with respect to controlling the station
experiments and research. ~ :

‘ Provision was made for a defined distri
-, of a crew member and a duty schedule onboard t
" zomes of radio visibility of the station with

" the stations within the territory of the USSR,

on duty, and sometimes all three, During thos

. .3 "experiments and basic operations were performe

A

as developed during tha process
of the orbital station, the

tant and variable parts.

¢ servicing the stations. . <"
& out variekle individual sssiga-
and the scientific~technical

bution of sleep and watch times

he station. On the orbits with
the ground command and measuring
as a rule, two astronauts were
e periods, the most important .

d. Thus, the flight control - ﬁ@f;;f“'

" center could monitor the actions of the crew, make recommendations regarding -

-, . the sequence of performing certain operations and assist in distressed gitua~

T -:_:_ . Ationsn . o Lo

'”fff‘t{Therbasiérelemenfs;of bhe labor and res

toaan T

o,
Yo ow L
v So-

t regime of the crew of the

T}f- orbiral station were execution of the programmed assigonments, physical exer-

.. clse, eating hot food four times a day, person

al time (leisure), eight hours‘f.fjiw‘w

Y of aleep and the morning toilet. The programmed assignments included the

- mwonitoring and servicing of the station and tr
".-of experiments and the basics research.operati
.. tlons, taking movies and photographs, televisi
'+ .- complexes of physical exercizes were performed
the "track [treadmilll" in special training su
hour "walk" was taken before golnz to bed.

o The astronauts devoted two to two and a
. time. They used this time for sight-seeing, f

"-"+"and photographs or for preparing for the next
-~ flight the crew was granted a rest day without

*ro’ the fact that the time actually spent by as
other under conditions of weightlessness can d

© time spent on analogous operatious under ground conditions. ‘The personal time}‘;;z?ﬁ}

was speclally introduced for organization of a
during breaks between performing the basic exp

e

it

- control center promoted clear coordination of
8upply groups and also successful activity of
tions of prolonged stays in a state of weightl

¥

The radiotechnical ground control compl

%3t Rigid observation of the labor and rest regime m&ﬁitbfa&'ﬁj:ﬁﬁé“

ansport spacecraft, performance
ong, mainktenance of communica-

on reporting, and so on. The ~

twice a day one hour each on
its. Ia addition, a light half-

half hours a day to personal
or Test, observatinns, movies
experiment. After six days of
experiments. o

Y
i

tronauts on one operatrion or apg-
iffer significantly from the

ctive rest by the astronauts
eriments of the program.

the work of the crew and ground
the astronauts under the condi-:
essness, o T

ex of the statlon received ig- " it

-coming information from onboard and transuitted the instructions and commandsg

to the ship which were required for control.
- .varlous ground tracking stations and statlone
77 ""of Sclences, definlte reserves and control ral
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Inasnuch as this complex included
on the ships of the USSR Academy
lability were guaranteed.

N T o R B BRI ST IR A VRO
For%sl When developing tha labor and rest regiwme, special attention was given .~ -
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The powerful techalcal equipment of the ground measuring-command complex
and the control center permitted operative and cowplete procegsing and analysis
‘of the information arriving from onboard, timely and correct remction to each
variation of the flight situation, provision of the crew with data necesaary
to ecarry out the flight program, monitor its safety and take the necessary
naarures on deviation of the course of the flight from normal.

toe

The complex. of means with which the control center was egulpped included
‘the high-speed computexs, memories for storing information processed during
flight, various displays, plotters and televizion displays for representing o
the information, internal communications lines, and so on. . T TR

) The moet complicated from the point of view of control were ihe sections

"ﬁ-of Joint flight of the Sayuz transport spacecraft and the orbiltal Balyut '
astation before docking and after undocking., During these segments, the per—~

»:-.8onnel and technical media of the flight control center and the measuring-

. f cormand complex were divided into three groups, one of which realized flight

< ﬁ'L control of the Soyuz spacecraft, and the second, the flight of the orbital

: module, and the third permitted complex coordination of the- control program,

coordiuating and matching the first two ?roups. .

PR

During its ‘record 24-day flight, the crew performed a 1arge volume of :
scientific research and a serles of important technical experiments., L . ﬁ‘;_‘fg

e e Om completion of the test prograw on 29 June, the astronaute transferred . x
.~ the scientific materials from the station to the transport spacecraft, brought g
. 1ts systews out of mothballs, closed the hatches and proceeded with undocking.
- The processes of undocking and withdrawal of the spacecraft from the orbital
module of the starion ware rccordug on movie and phiotographic film. X

-;-.1;5-11 On 30 June 1971, the Soyuz-1l spacecraft smoothly descended in the gilven - 7

‘ “region., Unlortunately, fate tragically took the ‘1lives of the herole crew after
completing the flight and scientific research programs. On the descent phase

s J;,of the spacecraft 30 mintutes before Zarding, a rapid drop in pressure in the

“57 landing module occurred as a result of the seal being broken. This led to

'  sudden death of the astronauts. The names of the heroes who gave up their

_ 1ivea for the sake of all peonle of our planﬂt will alwayb remaln ia the hlstory ,

e

After undoching from the Soyuz-11 Jpacecraft, the orbital wmodule of
. the Salyut station continued autonomous flight for 3.5 months during which o
.‘the scientific research program was carried out, the fitness was checked, and .~
the coperating reserves of the systems during proloaged flight were che Cned
Out ‘ .

‘ Onlll Hovember 1971 the Salyut stagion ceascd to exist abeve the ) T
~‘Pacific Ocean. S L. oo . . ST
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7 RESULTS OF SCIENTIFIC RESEARCH AND EXPERIMENTS =
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4 j“l‘%gg'OHE'of,ﬁhe basic goals before the crew of the Salyut orbital station
“*--consisted in etudying the effects of prolonged existence of man and other
1living organisms in space flight. The equipment of the station provided all

‘fégf_possibilitiea;necessary for this type of research. The high useful weight of

... the statien and significant volumes of its internal compartments permitted ‘
=« -various scientific equipment to be placed onboard the station for medical- .
_blological research. ' 5

i

i NS

The selection of the basic problems of the physiological and biological
- - experiments and observations was determined by the concepts existing in space
biology and mediecine of the phenomena which devalop or can develop on various
. structural-functional levels of organization of iiving matter under .the effect
'ﬁ“_of a8 complex of space flight factors. = .- T A e S PN
. ' The crew of the Salyut station performed medical-bilologlcal studies

with respect to two basic areas. The first is the study of the characteristic

K ‘,'} :

»+ " spent under. space flight conditions increases. Thé\second is the study of
the nature of development and certain aspects of vital activity of various

s -

/.. blological objects. L e e N e e T e
ST EL R, . ) o I "':“'. VAR LA \i T R St
Mediczal-Physiological Studies ‘ AN

/ - - . .o " 1 - - .

‘organism {n space flight, primary attention was given to studying the cardio-
vascular system. This is connected with the fact that the functiondng of the
circulatory apparsatus, just as other physiological systems of the orpanism is
determined by the surrounding situation and, in particular, by the effect of

vt - Lthe gravitational forces. In the absence of gravitational forces, quite !

U rapid rearrangement of the hemodynamics is observed which appears, on the one

~ hand, in the redistribution of the blood' (an increase of inflow of blood into
. the upper half of the body) and, on the other hand, improvement of the re~-
.. action'of the organism to thé increased requirements imposed on the cardio-
. vascular system. The latter 1% exhibigéd primarily in the form of a reduction

5
f . -, .- L
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lii,features of functioning of the human organism as the duration of the time S
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1In economy of reaction of the elrculatory aepiarafus to physical werk and a
reduction of the so~called orthoatatic stability. By orthostatic stablliity
physiologists mean the capacity of the cardiovascular system to insure the
appropriate blood circulation of various organs under conditions where the

- ,man is in the vertical positlan. In this case, the inflow of blood to tha
heart and brain from the lower regions of the vascular system 13 made diffi-
tult ipasmuch as under the effect of gravity the blaod trles to accumulate in
the lower half of the body. The physiological mechanisms providing for re-
turn of the blood to the heart from the lover regilons must work with signifi-

cant streas, - o .

For the majority of peopla-leading-tﬁe'ordiﬁafy way of life; the e

: fpﬁysiological mechanisms of regulating circulation are quite compatent. In

.. addition, for maintalning reliable mobility of the mentioned mechanisms regular .-
. . ~exercising of them turns out to be neceasary. If these mechanisms are not )

7Y put into operation for a prolonged period, then the cardiovascular systcom

-

.. w."forgets how" adequately to react to the change in demands imposed on it. CT
. For ezample, when a man who has been in the horizontal position for a long =

' 'fh”_period of time 13 browght to the vertical position, usually the syncope

S

“." phenomena reserved which are caused by the fact that the blood circulation

apparatus is in no positiocn to imsure with the necessary speed and sufficient

';“degree the outflow of blood from the lower part of the body, its corvesponding

" redistribution in the direction of the organs of the upper half of the body,

- .. in particular, the head. L

¥

As the experimentsl data demonstrated, the tendency toward the develop~

" ment of this type of phenomena .oceurred in the astronauts even after a

relatively short time in a state of weightlessness. L '

The hypotheses beginning with tha general concepts of the physiology

o

of circulation pertaining to the probable characteristics of the heliodynamics

..~ under conditions of welghtlessness were the theoretical basis for a signifi-

‘cant part of the medical research performed during the first decade of manned
flights. The results of this research especially obtained during the flighe

t{ifﬂ,adopted. Thus, when developing the program for medical-experimental research

Ta

on the Salyut station primary attention was concentrated on studying the na-

ture of clrculation. . : 4 PR - L -
'u”"It‘is'poasible aufficieﬁtly ébmple:ely to evaluate the state of tha

circulation function only for comprehenslve consideration of its character-

" the cardiovascular systom at rest. For this purpese, during flight of all
nembers of the crew the electrical and mechanical pirenomena connected with
the heart and vessel activity were recorded periodically {electrocardiogram,
kinetcecardiogram, seismocardiogram, and 80 on).  These data have permitted
a phase analysis of the cardiac eycle reflecting the nature of oceurrence of
" the excitation and contraction, its propagation with respect to the myocardium
and also the mechanical phenomena vLaused by passage of the pulse wave and
permitting evaluation of the state of the vascular wall and various character-
istics of the arterial pressure. = . ..o -, . R I E
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", .of the Soyuz~9 spacecraft demonstrated the correctness of the theoretical base';:4-f

. A
. vistic features. Above all, this is analysis of the parameters characterizing : 4 .
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Tha indicated physiclogical parameters were transmitted to the ground
by the radictelemettic aystem or they were stored by the onboard wmagnetic
atorage element. In order to record the parameters, amplify them and convert
them to a form suitable for transmission to the Larth, apparatus of two types
was available et the statlon. One of them could transmit a limited volume of
information. The advantage of this apparatus consists in the fact that its
servicing did not require significant expenditurc of the crevw's time., The in-
formation was transmitted to the ground daily by means of sensors attached to
spucial belts which the astromauts put on in the time establisned Ly the pro-

" gram., These sensors reguxrded the electrocardiogram and the seilsmocardiogram
and also the pneumogram (for estimating the respirattry funetion of the astro-
"+ ‘nauts). - The signals sent by the sensors permitted evaluation of the varlous —  :}}
functions of the cardlovasgular systen.

SR - S g

T The other form of apparatus for recording and transmitting information R
o to the Earth about the physioclogical parameters redquired simultaneous parti- R
Lo cipatlon dn the work of two astronauts: one in the role of the examinee and. . .
_f the other as the experimenter. This apparatus permitted ‘recording of 22 Rt an
'-,lfu physiological indexes, five each simultaneously. o e SRR

‘;

. he hroadness of the spectrum of the characteristics takeu usinp the .
_ . apparatus of the second type insured that a large volume of information would
. be obtained and highly comprehensive evaluation of the function of the cardio-
.+ vascular aystem. . This apparatus had significantly broader 'posseibilities with .
" respect to comparison with the apparatus of the first type. However, as a
resuit of significant labor cousumption of perforwing the operatious (the -
necessity for adjustment of the sensors, regulation of the signal by wmeans of
- the onboard oscllloscope, and 80 on), the apparatus of tiie second type was
"used more rarely. :

, The complex evaluation of the characteristics permitted characterization
RN of such vitally important functions as the exeitebility, the contraction of-
' the cardiac muscles, the tonus of the vessels, the beat blood volume and the
- blood volume per minute, and so on. As a result, it is possible to compile a _
representatioa of how the hemodynamlc system furctions, whether forerunners - ;.g,;%
of the improvement of the eoordination ik the activity of its wvarious mechanisms -
insuring optimal system and organ blood circulation are appearlng or not.
‘During the process of analyzing the characteristics it is necessary to consider
- -that the circulation apparatus has significant reserve possibilities gradually
masiking the small accumulated variations, Frequently 1t is possible to de~-
tect undesirable variatlons when recording various hemodynamic parazmeters in
- i-j,, ‘a state of rest only when these variations reach significant depth. The . isiv 45
" application of the functional tests facilitares the early diagnosis. ST

4

In clinical and expert practice there are a large number of functiomal
testg, each of which has its advantages and disadvantages. In the Salyut
- station, two types of load samples were used. The first of them was tha , oy
physical load, and the second is the effect of the artificaliy created doséd -
rarefaction on the lower half of the body. The physical load was created by
3 conduction of the previously stipulated number of kneebends (under the condi- e
ST tiona of dosed attraction "to the floor" by uging rubber shock ahsorbers) for v

g— 41 -
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}.the pulse wasve with respect to certain main vessels, and S0-0n.

versiong. .- L -

a defined time interval, for exanple, 30 knecbends a minute., Before the
beginning of the cycle and after its completion by using a number of applied
sensors, some of the physicloglcal indexes were recorded which characterize
the activity of the cardiovascular system. Such samples were recorded in two

The samples of the first version were taken using an apparatus of the
first type recording a smaller number of parameters, and they were performad
approxinately once every three or four days for cach meumber of the crew., Ths

~data obtained characterized the electrical and mechanical activity of the myo-
cardium. A - L ; .

" ‘The second version of the samples was recorded more rarely in connsction
with greater cowmplexity of performing the cperations. It provided information

 :about the state of such parameters as the arterial pressure, the blood volume

discharged by the heart with each beat and per minute, the propagation rate of

{

The 1oad sample of the aecond type based on the effect of dosed rare-

Ji;_faction is of interest under the conditions of space flight since 1t permits

suf ficlently close simulation of the reaction of the cardlovascular system to

‘? the transfer of the mam to the rvegulat position under the conditiens of the

Earth's gravity. In the state of welghtlessness, the blood flow into the

‘vascular channel of the legs and pelvis similar with respect to nature to the

outflov created under the conditions of the effect of the gravitational force

- ¢an be caused by the creation of ravefaction around the lower hsalf of the bedy.

- Por this purpose. a special device wags placed on the statlon in the form of

& "barrel" inside which it was possible to create rarefaction of the required

' magnitude. . N

The astronauts were loaded to the belt in this device and by using a

,'“;rmicrocompressor, a dosed rarefaction was created in it. The magnitude'of the .

>

negative preesure was controlled by the altimeter on the panel. BRBefore switch-
ing on the microcompresgor during the effect of rarefactien (two rerefaction

. -regimes lasting a total of 5 minutes were considered) and on its complecion, N
"the parameters of the cardiovascular system were recorded. . - .- .ﬂgf“

The infurmgtion obtained in £1light characterizing the activity of the

fcardiovascular systen was compared with. the data which were recorded for all -
menbers of the station crew in the preflight period. This type of analysis

permitted establishment that the peculilarities of the blood circulation de~

- rected in space f£light {in the state of rest) correspond to a stress of this

function. In particular, for the commander and the #est enginecer, a tendency
was cobserved toward an inecrease In frequency of the cardiae contractions, an
increase in the mean arterial pressure, the propagation rate of the pulse
wave before the initlal part of the aorta and the brachial arctery and an io-

- . crease¢ in the blood volume per miuute. No such trend was observed for the
. 7flight engineer. C S o ' o 4

‘t

In addition, considering the clear manifestation of individual peéuliari—

-ties and the absence of having the recorded indexes go beyond the limits of the
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norm charxacteristic of each of the astronauts, 1t is necessary to consider
that during the flight time of tha Salyut station for all members of the crew
sufficient functional operation of the circulatory apparatus was retalned.
Among the astronauts a more expressed reaction was observed to the fuactional
‘tests; however, no noticeable trand toward woreening of such reactlons (in any
- case on the level significant for expert practice} as the £light time jncreased.
This obwlously 1s a still greater indication of retaining sufficient funetional
- Teserves of the cardiovascular system for several wecks of flight.

. A comparison of the results obtained during Flight with the ground ex- . v
_periment data permitted more precise definition of a number of concepts of T
" the mechanisms of organlzation of the activity of the cardiovascular system ¢ .Y
- under varilous external conditions. Some divergences were discovered between

o the proposed (on the basis of the model studiea) and real phenomena. - ‘-,;f,:

' i

L Thus, ‘the broad class of medical—physiological experiments signiflcanbly

% *:expanded the available concepts of the nature of tha activity of the cardio- - f
* vascular system under the conditions of space £lighty and it permitted deter—
‘gllmiuatioa of the further direction of resaarch in this £ie1d.

~F F

L Along with the ﬁtudy of the characteristlc feaLures of tha blood elr-

.+ culation, the crew members of .the station also performed wther studies of the
- nature of the vital activity. In particular, several times each the astro- o
| nauts took blood samples during flights vhich were put in filters and stored ' °7
in sealed containers witn molsture absoruers., _ L e I on

b

In the blood s&mples 1eturned to Rarth, the ouaar, urea aﬂd cholesterol
‘contents were determined. The white blood plcturs and the number of leuco-
eytes and thromobocytes per thousand erythrocytes were counted in smesars, In
2ll of the astronauts the increase in urea content in the blood was detacted.

. This pheaocnenon obviously is conuected with adjustment of the kidney functions
. which, as has been established cons idering other data, doas not have a patho-
“logic pature. . .

e . In the blood samples taken in the first week and at the b35iﬂﬂiﬂ$ of
“ithe third week of flight, the sugar content was within the ordinary limits,
and in the samples taken before the end of the flight, it had increagsed sharply.
.- -This {act can be explained by 2n/increase in physical and emotlonal loads with
- -the development of the phencmena of asthenlzation. The cholesterol content did
not change during flight in any of: the crew members. Ho sisnificant changes
‘__were noted on the part of the cellular compoaition of tha bload. A :
" e 1-- pE l ER L e

T A.;?.V'_-‘ . - K d.. . ,_(:.‘ e E . N w Sl - "') [

4 Durinﬁ flight tha crew'took qome samples characterlzing the othur as-
pects of metabolism: samples with respect to studylug the energy expendéfures
by measuring the gas metubolism and -samples with respect to studying the
mineral saturation of the bonyltissua “ The results of the samples did not

.. demonstrate . .. a defined tendency téward variation of tho indicated charac~
" teristies., . 7 - o et ' o ' !

;.
L]

) During flights the astrgnmuta paajlodically measured the strength ofithe
'“,bOnes of the hands using dynamométega 4y also performed experimants to study

Ty . . - __n -‘,.’ 3 ;
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the basic characteristics of the visual function: they investigated the
. sharpness of central vision, the light and contrast sensitivity, convergence
and accomodatlion. The results obtained revealed the presence of some changes
~ 1n the investigated funections which indicates the necessity for coutinuing
"such research, T e oo . ) . T

L The station crew performed a complex of research projects to study the
- relations between the organism of man in space flight for a prolonged period
of time and the microflora surrounding him. For this purpose, before comple~
tion of the flight the air samples were taken and also smears from the inside
_ . surfaces of the inhabited compartments of the station and from the nasal cavicy >
" “of the astronauts. T T OO T SR RPN

i w00 .0 - Bterile pads were used for the smears which after taking the sample = .
.. were. placed into- sterile test tubes. The. alr samples were taken using an ine
. strument in the form of a pump with a filter for precipitation of the micro-
© . “organisms. After the return of these devices to Earth, the material contained
. 4n the fiiter and the pads was planted in special culture media. The subse-
z 7z, quent bacteriological analysis demonstrated that at the end of the time the T
v grew was on the statiom, the microorganism content in the air, on the surface
. of the interiors and in the nasal cavity of the astronauts increased. The .
... wariation in the spectrum of the microflora was established: an lncrease o =
-* hemolizing forms of microorganisms was observed. S e S

LR

S . The data obtained as a result of the experiment have significant theore-
~ tical and practical significance. They indicate the occurirence of changes in
' the macroorganism-microflora system under the effect of the conplex of factors
"of space flight. It was noted that the changes which take place during space
flight are significantly more expressed than is observed under analogous labora-
© tory conditions. ‘ o B

e N . [ .

"Hﬁff;wi} v+ Blologlcal Experimenté‘ ‘fi?ﬂ{-,zg3*;?%€¢'ﬁf’fﬁ;g;ﬁﬁiiéufjﬂiﬁﬁi 1{;:}:".1}“¢{

S The astronauts performed a significant voluwe of experimental work pro- _
" ik, . vided for by the medical-blological research program as a result of which many .f*lih
scientific data were obsained having great significance for further develop- I E

ment of the manned space flights and enormous fundamental general tiological

- significance. .- .o o : :

oy
.

During the process of medical-blological studies performed by the crew '
.- :of the Salyut station, the nature of the occurrence of the fundamental life
7 processes was studled (heredity, variability, iadividual development) on the . 7 .7
different levels of the biocloglcal organization. Primary attenclon was, of '
course, given to the problems of gravitational biology, that is, the discovery
of the degree of blolegical significance of the force of gravity which is
a constant factor of the external emviromment in the entire period of evolu-
.-_tion of life on the Earth. Space flights creates in this respect unique
'~ conditions inasmuch as in the ground laboratory it is theoretically impossible
. to eliminate the factor of the Earth's gravity. The sksence of grevity per-
_, .. mits in practice eualuation of its ecologic aod, hence, its evolutionay sig-
-+ nificance for various biological species.’ R T DA
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S i craft and, in particular, the biological-technical systems.

o

S e higher aad lower plants, 1nsééts,"émphi$ians and represecntatives
. .of verioua protozoa were selected as the experimental subjects. The species

v
-~

- The studies of this type have great significance for understanding the
mechanismas of the organization of motion of living matter and, possibly, they
will promote further development of our concepts of the princliples and motive

~forces of the most important biologlecal phenomena such as cellular division
and differentiation, individnal adaptation to the environment and microevolu-
“ tion, and 30 on. Along with the general blolozical signifilcancae, the results
. of such studies must have also obvious practical significance. Obtaininz the
information about the peculiarities of the vital processes among model bio~
‘logical subjects, it is possible with defined approximation to extrapolate
these data to analyze the processes occurring in the human organism inm the
 cellular level. : B e

- In addition, the étudieS'of the fundamental vital processes on an orbital
station permit us to obtain the results which are important in solving the

.. 7. problems of the prospects of development of the life”snpport_syaxems_og space~ ..

_ ,;-AZSelected for the experiments have been well studied in biochemical, physio-
/7 "loglcal and certaln other aspects. Among them there were represerntatives of

8uch species for which the siganificance of gravity during the processes of -

,-}f,g;,vital activity is obvious (for example, the higher plants). Among certain sub-

jects, a change of generations was observed during tha filght period. Inter~ )

.. esting data were obtained when parforming the genetice, . radio.biological,

',embriological, biotechmnical and certain other forms of biological experiments.
. In order to perforn ona of the simplest experiments with respect to
‘procedure, a module was placed omboard the station containing various forms

of relatively simply organized biclogical subjects —— seeds, microorzanisma,
yeast, the lower plants, and so on. This module was found on the statien
from the time of its being launched, and before final departure of the crew

“¢%roit was dismentled and transferred to the desceat module. ALL of the specimens -

T

. -¥ leseness by comparison with the control biological subjects found on Earth

Wwere subjected to comprehensive careful analysis oo Earth in order to determine
. the presence and expression of the individuals in the structure and function

. of the indicated organisms subjected for a long: time to the effect of weight-
under other equal conditions in practice. _ )

-, S - N TR Cenel e

T -The second experiment was connected withfétudying the processes of
differentiation of the organs of animais in 'the varly (embrionic stages of
development). The specific problem of this ‘experdment was investigatfan of -

> ~.7the .natura of the occurrence of tha process of basing of the organ of gravi- -

e

tational sensitivity in frogs. 1In order to gslve this problem, two identieal
instruments were at the disposal of the astronsuts, each of which was in the
form of two insulated chambers. These chambers would be converted into
commmicating vessels by displacement of a spacia¥ connecting rod. In one of
- the chambers there was a fixing solution; -fn the ot her .chamber there was a
frog egg fertilized Tecently before the iaﬁnchiug of~ the Soyuz~1l spacecraft.
Thus, the process of development of the tadpoles was completed primarily under
the conditions of weightlessncss. At, the timg when the.process of development
R L . := T S '\ : -
A~ ‘ |
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reached the required stage, the astronauts recorded this process by introduc-—
ing a special fizing solution into the chamber with the offspring. The morpho-
- loglc study of the material was carried out on the Rarth,

- z. The third experiment was stated in the classical subject of genetic re-
search -= the fruit f£ly (the drosophilla). The problem of research included
obtaining several generations of flies, the effect of welghtlessness on which
began or .ended in different phases of their development, ¥or this purpose,
a small chamber was put on the station separated into Several compartments.
- In.the bulkneads between them there were small doors which opened from the
- - outside through the passages of which the flies could £ly into the next cmm-

©’partment. On the bottom of each compartment there was a putrient medium. At

““iﬁthe intensity of elimination (exclusion of the unknown) could be derermiped

- - pending on the duration- of the related species under. the conditions of weight? -

the beginning of the expérimeut the 1nsects were In one conpartment. As the
~ experiment progressed, after a defined time the astronauts opened the dooxs , Uk
".-in one of the bulkheads, thus giving the flies the poesibility of flying iato - e E
" the adjacent compartment. The doors in all the bulkheads were opened in the o
-~ -same fashion.successively. . .. . " . - - .- e e T A e :

RIS EERE
. i .

.=t .-: ‘Thanks to this procedure, better comditions were insured for feeding
.:.the drosophilla. In mddition, when analyzing the lusects dying in-the egg,

. pupa or larva stage, it was possible approximately to determine in what period
.- of performing the experiment the 1iife of the subject was ended. Consequently,

not only by the stagea of ontogenesis (individual development), but also de—

et e, e e i o T

. lessneas. In parallel to the basie experiment in the ground lahoratory a
<" control experiment was performed raepeating all of the external conditions
(especially the temperature conditions which are very significant during the i
process of ontogenesis of drosophilla) which developed in the vicinity of the ‘ ;
container with the fruit flies.

of welghtlessness was very interesting. As has already been mentioned, the
higher plants belong to the biological subjects for the vital activity of which
the Earth's gravitational force is unconditionally significant.. In particular, .

_ _ : ' : : : A&

: ¢+~ The experiment with respect to growing higher plants under the conditions “‘1§
:

3

“;@Qf;;che.direction of their growth depends on the gravity vector. Accordingly, the.

' "the'strategy of the development of operations in the field of creating arti-

- .8ignificant degree. . U VRS

propositions were stated that under the conditions of weightlessness, the
higher plants will not in general develop. Along with the theoretical impor-
tance, the answer to this question also has great practical significance since

- ficlal ecologic systems for the spacecraft of the future depends on it to a
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For the Sélyut station, a device was developed insuring the possibility
of growing the higher plants under onboard conditions using the method of
hydroponics. The device is a cultivator including sources of artificial illumi-
nation, a tank with water and phyeilli impregnated with saline mixture aad
- piaced in a thin rubber tank. A colony was placed on one eud of each phytilli

turned in the direction of the light sourca. By using a small pump which the
astronauts drove by hand, a dosed amount of water was put into the rubber tanks
daily. The water, rising along the phytilli. snd dissolving the salts contained
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in it was converted into the nutrient solution for the plants. Three types

[N

of seeds were placed ip the pot: flax, cabbage and onicas.

During the first day at the sta&tion the astronauts switched on the
iighting for the cultivation pots and the movie camera for frame-by-frame
photography of the plants and also they fed them the f{irst pertion of water.
During the entire time of the stay at the station they accurately supplied
the water, made visual observations and took photographs of the investigated
plants. A ground experiment was conducted in parsllel under coantrolled con~
ditions. .

Y

Conaidering the.ﬂatt that in order to obtain the required information .

“a special processing of the material is requived, its microscopic and bio-

chemical analysis, the program of biological experiments wassto a slgnificant
- degree designed for performing conclusive operations in the postflight.period. -
- In conpection with the fact that in the stage of descent, the blological ma-
terial was subjected to the effect of rarefaction close to a vacuum and low

"..temperatures, many of the data obtained when analyzing this material caannot

be uniquely consideraed as evidence of the specific reaction to the effect of

- welghtlessness and other factors characteristic of space flight (vibrations,

cosmic radiation background, and so on). These-results require confirmation
1n subsequent research. 3 S ) s : ’

\-‘,_-',: - "i""

In addition, the data obtained experimentally with growth of the high

‘ plants and confirmed by documents using movies, photographs and remote data,

» indicate the nature of the growth and development of the higher plants under
the conditions of weightlessness. This extraordinarily important fact deter-
mines the further paths of researcn in the given regicn. »

The conditions for performing the experiment on the Sofput station with
_ respect to studying the effect of weightlessness on embryogenesis (the develop-

§ "ment of the offspring) of amphibilans were somevhat worse because of the fact

that the time of performingeshe exparimant did not correspond to the Pbri°d
of activity of the seasonal fluctuatlons of the fertilization of the mammals.

Accordingly, a significant part of the fisn eggs turned out to be unfartilized.:ﬁ .

" Although the results obtained permitced tha concluslon to be drawn of the ab-

"~ Bence of a noticeable effect of, WEighLleudeSS on the investigated phenomend.

I

Thuﬂ, although the program of Qﬁological research on the Salyut statiom .

" was not completed in planned volume, all Ghe experiments performed gave to a

great extent important sclentific resu,ts,'the value of which can stdll be

inherent further on Compatiaoﬁ with gme daua of subsequent biological reaearc“'ﬁl

B
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Astrqg_zsical and Physical R&ﬂearéh

Ertraatmospheric Studies of Cosmic an& Gamma Radiation

)i i

P - . L e

s ————

“The creation of tha'first manned orbiilal station marks both the beginning

of the new phase of extrmatmospheric Studieﬂfof cosnic and gamma radiation and
a number of other studiss in the futerest of/ sclence and the national econoxy.
In oxder to-clarify tils statement is 1s sufficlent, for examplﬁ: to remember
how the BtUdieB of C%smic radiation hawe duVElaved.
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The thickness of the Earth's atmosphere is approximately equivalent to
the thickness of 10 meters of water. It is natural, therefore, that when study~
. ing cosmic radiation scéentists have tried to eliminate or at least decrease
the magnitude of this barrier insofar as possible.
The simplest way to achieve this i3 to cet up special apparatus as high
.. . @8 possible above sea level on promontories on the Earth's surface, mountain
~== - tops, and 80 on. The discover of “cosmic radiation"” -~ the flow of descending -
: "radiation" of extraterrestrial origin -~ is connected with the ascent of appa-~
. Yatus on airx balleoons. It has been established that at a Buffiiient distance
e from the Earth's surface the intensity of this radiation rises. L -

WLy IR

However, for dirvect investigation of the primary cosmic radiation, the

. altitude reached on air balloons and stratostats was inagufficient. Omnly in e
" !recent years have high-altitude balloons begun to be used (unwanned) which take
~.the apparatus to 30~40 kn (at an altitude of 40 luu there is sti1ll a layer of
‘;ﬁgg'a;mOSPhEEe above the instrument equivalent to abnot 2.5 em of water). T

e
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S« i . Fifteen years agos before the launching of the first Earth satellite, -
. .+, the coemic radiation was studied usually only 'at altitudes of 25-30 km using
: - .-balloon apparatus where the residual thickness of the atmosphere was still quite
;.. large (on the order of 10~15 cm of water). The study of the primary cosmic e
- radiatiom under these conditions was difficult, T S
.- The use of high-altitude rockets to study the cosmic radiation also has =
- -its deficiencies and, primarily, it is the short term nature of the experiment.

_ The prominent place cccupled by the study of cosmic radiation In the
- satellite research program, along with scientific Interest has also been de-
termined by other reasons. It was possible to solve en entire series of
) problems by comparatively simple procedure using apparatus which has no need Co
- for exact orientation in space, does not require powerful power supplies, is : % !
" sufficiéntly light weight, and so on. At the same time, the development of

extraatwospheric astronomy has iuposed in general much higher requirements on

-galg‘rhé appargcus, and it has also forced astronomers to do a basicqasjustment_of -
3_1);,’QY of tie methods known to them. T e T o -
e P

... & ,/ihbe discovery of the Earth's radiation belts and also a number of other ..
- - > phenoriena and pecullarities characteristic of the behavior of fast charged -
particles in the Earth's magaetosphere turned out to be unexpected. As for the

. Pluanned studies of the primary cosmic radiation, satellitesshave still not .
Llé"ﬁ}é?om?lﬁﬁgly_Justified the hopes placed in them. It is tupe that a number of =~ . 5 A

L

o _ 1It is considered that the first comvincing observations of this type i
. were performed by V. Hess 60 years ago. The experiments which he performed |
"~ - demonstrated that the beginning of the increase in lonization intensity is
fixed at an altitude of 1 km, and at an altitude of 4 km it becomes twice as
such as mear the Earth's surface. ‘ ‘ N L .
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interestinggresults have been obtained. Let us mention the observations of
the muclear component of the solar cosmic radiation, the study of particles
with comparatively_ low energy, the study of variatlons and the primaxy steps
of gamma astronowy*. However, the primary progress in the study of primary
" eosmic radiation (protrum, nuclel, electrons and positrons) has heen achlieved
in the last decade by means of high-altitude balloons. Duzing the first years
after launching the satellites, of course, it was possible to install only
comparatively simple apparatus on them successfully and with sufficient re-
liability. 1In order to obaain the moidern data on the chemical and isotropic ,
composition of cosmic radiation, its energy spectrum in the ﬁresence of high o
N energges and so, improved equipment iB necassary. A . -
In additiou, iu order to solva certaln modern problema in the field of
‘the snvestigation of cosmic and gamma radiation scientists could not be satis-  -. -
. fied even with large, heavy satellites equipped with the most improved modern . ".0iF
apparatus. The necessity arcvse for the creation of orbital stations, large
manned sclentific laboratories ia space which pernit. use of no -only instruments
. for making studies but also cosmonaut observers. These stations also offer L
. . the possibility of delivering the observation results from the station to the :
S " Barth: photegraphic emulsion, osclllograms, and so on. Therefore, the Salyut
' -~ orbital station symbolizes the beginning of a new phasa in scientific research . ¥
-in the field of cosmic and gamma radiation. T %n\ﬁ RTINS
.4 ~ -t . The extraatmospheric studies of cosmic and gamma raﬁiatiOn on manoed
. orbital stations are opening thethaspibiiktiity of stating new large and very
‘intereatlng problems. The opiical, submilliimeter and x~ray astronomy has been
devaloped further. The progress in x-ray astronomy complaetely based on balloons,
==~ rockets and satellites, the achlevements of infrared (bubmillimeter) astwonony
' and the improvement of space engineering are providing the basis for significant
improvenent of the specific welght of the extraatmospherdec astronomical studies
on the modern level of the space program. The simultaneous developnent of _ o
~extraatmospheric astrophysical syuddss and, in particular, the studies of - -~ = “+-%
. coswie and gamma radiation, ie opening up great selentific prospects.

Studies of &tellar Spectra

As has already been establist ed in recent years, the individual heaveniy
bodies are sources of powerful ulcraviolet and x—raaiation. rhia type of

.'—." N . . S
2. . . PR wem R R : E

e

N Only charged particles of extraterrestrial origin and, in addition, .
having high energy {(on the order of 1-10 megaelectron volts and more) have =
now become to be called cosmlc radiation. However, from the physical point of
viev and in connection with the precedure used, the study of cosmic radiation

© is quite close to the study of the neutral particles of cosmic origin also hav-
ing high epergy (gamma radlation, neutrinos and neutrons). The cosmic gamma

. radlation plays a very gmportant role. The recording of this radiation is the
‘mission of gamma astronomy. For the indicated reasons, it is expedient to
consider the astrophiysics of cosmic radiation and gamma astromomy jointly.
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" object also includes the neutron stars, the existence of which wasg theoretically
predicted more than 40 years age and were discovered ia recent years. Taeo
galaxies emitting waves in the x~ray range of several tens end hundreds of times
greater energy thanm in the optical range are knowi.

The majority of thn radiation of the small hot stars, some galaxies,
the solar coroma, and sc on belongs to the shortwave vacuum and hard ultra-
violet band. : -

R

o The heavenly bedies with ultraviolet and m~radiation are gualitatively
. - - new subjects for astronomers. Their significance and role in the understanding o
" _of the universe and the phenomena occurring in it are difficult to overestimate. - ;

- H

T'V; However, the study of theae subjects is posaible only by the methods of extra~
atmospheric astronomy inasmuch as the terrestrial atmosphere is ent irely
LT opaque for radiation vith wavelengths shorter than 3, 000 ﬁ {angstroms)

:; At the present time the majority of eitraatmnepheric observatories on L
ﬁ-artificial Earth satellites are automatic. In recent years they have been used
'+ to obtain a great deal of valuable scientific information ‘both in the Soviet

L Union and abroad. R L R S _ ﬁ_‘.w.;— T 2R Rhf Ry

et R

HGWever, There are astronomical ptoblems the resolution of which can be
reeiized mwoat effectively only under the conditions where the operation of a
;iu'“ telescope in orbit imcontrolled directly by a man. With the appearance of _

; " heavy manned spacecraft and manned orbital stations, the possibility of such
; studies has expanded significant]y. : - N CL e

Tﬁe role of the cosmonaut iz especially important in cases where the .
"astronomical are made photographically. This is the most effective, at times
- irreplaceable wmeans of obtaining wmass informstion from bread expanses of the
" stellar sky, studying the extended selestial subjects, sttadying their fine _
. .. .. Btructure with high angular resolution, and so on. The crew of the orbital e
w0 "station can provide for servicing and monitoring the work of the astronomical -
‘apparatus, periodic replacement of the cassettes with film, the delivery of
the exposed film to the Earth in tne transpcrt craft. T :

\%

-, i The recognition of a subject in the sky and aiminv a teleseope at it

, are realized successfully by astronauts performing astronomical observations
‘3;_, inasmuch as the telescope which 13 in a gimhal is outside the manned compart~
: ~menta of the station. The cosmonaut uses a remote control system to direct
the telescope to the required object (the star, planet, and so on) and to iu- ,
-sure subsequent exact automatic tracking (guiding) of the teleseopa on the ﬁg u>¢;¢
ﬂiobServation subject. ;;feii_.,-:u_, R e, R A e e _,If"*gwnhﬁi

. Several versions of the solution of the stated problem are possible,
One of them is based on using the obstacle telescopic .sight imstalled opposite
one of the ports of the station and the primary coarse guidance tracking sys~
- tem between the telescopic sight and the telescope mount. - . =% oo ST e

The telescopic gsight with a field of view of 5-6 degrees is Installed
.. . - 1in front of the ports and is attached to the supports directly to the hull of ER
[é*'#'f the sbip. It can rotete in two mutually perpendicular directions. B
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‘:fjsystem. "Xt uses a concave diffraction grating with a radius of curvature of

The vieﬁing angle'bf'the teiescopié sight?&ﬁthiﬁ the limits of ﬁhich
the required star can be found and locked on is quite 1arge ~~ on the order of
30 degrees.

_ ..Fhe described principle of controlling the operation of the obsgervatory
by the astronaut was used as the basis for developing the Orion telescope in-
stalled on the orbital station Sglyut and designed to obtain stare of individual
spectyograms Iin the 2,000-3,800 A range.

The basiec element of the Orion telescope 1s the slitless stellar speetro-
- - graph which 1s & reflecting telescope of the Mersenne system with a light L
. .diameter of the large mirror of 280 mm, a small mirror diameter of 50 mm and . . ¥
 an effective focal length of 1,400 mam. Opposite the parallel light beam re- )
flected by the second mirror is the slitless spectrospope of the Wadswoxth

500 rm and dimensions of the crosshatched part of 50 X 55 mm. The strokes are

;.. applied to the aluminum layer covering the glass substrate. The number of RERDAEYY

xsf};light concentration of about 2,600 A is insured. The dispersion of thesspec— = *

-rows 1s 1,200 per om, the form of the rows 1s selacted so that the maximum

trograph is 32 A/mm,oand the angular scale in the facal plane of the speetro— kS
- graph camera is 2.5 A.per mm. With accuracy of tracking a stellar magnitude
... Oof one regular minute, the spectral resolution of this spectrograph is about
“~ 5 & (dn the 2,600 X range). . . co .

The spertrograms are recorded photographically on punched film 6 mm

- wlde ¢overed with UFSth emulsion saqsitive to vacuum ultraviolet beams.

Specdal attention was turned to insuring a high level of #ngineering
- developmant of the Orion set. Roth mirrors of the telescope were made of pyro-
ceramic, and thelr mounts were made of Imvar; the linear expansion coafflcients
of the materials used are almost identical within the limits of the expected

.- temperature of the elements under natural conditions. The wirrors were in- itk

'stalled in both mounts freely with a clearance between the mount and the mirror
_of_0.003-0.005 mm. The mirror coatlng was aluminum without protective 1ayers.

H

) | The Orion apectrograph compriSes ‘three parts. the diffraction grating
‘units, the comeras and the mechanism for expanding the spectrogran. The
structural design of the diffraction grating unitsvwas developed in such a way o

‘as to realize adjustment and focusing of the entire spectrograph vy shifting =~ .0
the diffraction grating with the camera attached. The focal plane of the S
camera is curvilinear. A plane parallel quartz Qlate 2 mn thick was iunstalled

v in front of the film channel.. It served as a light filter to eliminate the éi.;,f;_

- degrees, and the exit pupil diqpemer ig 70 b, the focal length is 450 mm.

.

" 8econd,order of the spectrum from the operating range (the band shorter than
1,300 A). The camera was eqwivped with a cylindrical shutter operated from

- an electromagnet, 2 film temsion and winding mechanism. The spectrograph was
] basically made of titanium alloya.

TA biaxial stellar mhotoguide was nttéched to the telescoPe housing in
- parallel to its optical axia, It 'was designad to lock on a star and auto-
matically tmack it (home on it with an accuracy of up to 10". The optical
system of the photoguideé ig g 1@533 (coated} gulide, the field of view is 3

- .V_- . K .- .' o . '.!{ _,/'/ . \-\;\51 - E
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5 side the station in front of oue of 1ta ports.
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The telescope is installed on a biaxial mount of the gimhal type and it
is equipped with two electric drives which operate on a mismatch signal,coming
from the stedlis photoguide. The drives are made with partially sealed reduc-

. tion gears with the application of specilal electric motors suitable for opera~
tion under the conditions of outer space.

 An 1mportant component part of the Orion is the viewing system. It is
designed for remote homing of the telescope module on the investigated target
with an accuracy sufficient to insure lockon of the tatget by the stellar

-photoguide. The search for the target is made visually by the astronaut, and -
the telescope is sighted on it mannally using key-type switches. The field of -

‘view of the telescope 1s 9 degrees, the angular resolution is 1, the viewing
field is 35% x 35%°. The entire nodule of the viewing sy“tem_ib lastalled in-

e, In order to control the operation . of all of the Orion systems, monitor
the execution of the coumands and the state of the set there is a special con-

}1 trol panel. In the control panel there is also a programminguunit which gro-
v vides for an automataed cycle of taking from one to five specrrograms for one

- star w*th different egposures. .

s - - Tt

"41' ' The primary module of the telescope with the mounting and the " photognaph'
‘is installed autside the sealed compartment of the station in a special recess.

. On the outside the recess is covered with mats of vacuum-shielded thermal in-

. sulation which provides the neceasary temperature regime of the instruments.

The crew of the Salyut orbital statlon received six spectrograms of the
hot star Agena (B Centaur) on 18 Janeal97l, and three days later it received
nine spectrograms of Vega (@ Lyra). The duties wvere distributed as follows
for this project: the ship commander G. T. Dobrovoléskiy controlled the

",.orientation and navigation of the station, trying to keep it in the required

. ultravxolet range.

- cantrolled the operation of the Orion system directly.“

SN

position relative to the celestial coordinate system; the Elight engineer.
“ V. N. Volkov watched the onboard systems, and the test engineer V. I Pat ayev

r . A

" The choicp of the stars was not madb ran dowly, hey aﬁe are ni h—
temperature stars {their effective temperature is 10,000 and 24,000 degrees --

.-~ for Vega and Agena respectively). The investigation of the spectral proper- .
" -ties of the high-temperature stars by the means of extraatmospheric astro-

physics 1s of special interest primarily bacause the bhasic proportion of their

_-Tadiation goes for the long-wave range which is inaccessible for observations
"vfrom the Earthds surface. In addition, the answecs to many o £3he important

- problems pertaining to the structure of the stellar asmospheres, the sources
of :the Intrastellar energy, the nature of the stellar matter, and so on are
directly comnected with knowledge of the radiation of such starsiin the far

The 1nc1usion of Vega in the obscrvation program was dictated by another
argument. ¥ega is one of the brightest stars in the northern sky. In its

. Bpectrum there are comparatively few absorption lines diatorting the continuous

spectrun. As a result of this, it is used by astrophysicists as the standard

SR Ls2 -




" when studying the spectra of one star or another, the galaxies or the nebulas.
This was what was done up to now during observations in tha ordinary optical .
range. The effort to use Vega as the standard even in the far ultraviolet
range 18 natural. In order to do this it ia necessary primarily by direct

.- observations to find the energy distribution law in its spectrum in the indi-
cated wavelength range.

. The spectrograms of the stars can be obtained using COrion only in the
" shadow part of the orbit where the station 1s behind the turn for 30-35 minutes.
. During this relatively short time the astronaut-observer must find the re-
, - quired star through the port, aim the telescope at 1t and receive the spectro-
~7. ..-grams, The entire volume of. work with respect to taking spectrographs on the
. ~7Salyut station was carried out gucceasfully by V. I. Patsayev.

M.

s %7 After completion of the observation program, the cassette with the ex- T
. 7 posed film was removed from the telescope housing and brought into the manned . -

oo Compartment of the station by a speclal lock. The handling of the cassettes S e
. 7 in the lock was the duty of V. N. Volkov, . = o

;-;;gﬁaf3ﬁ“;f The exposuge and further.proéeésing of the“film'wéné carried cut after
7 it was delivered to the Earth, 4 - o L S

fi B0 T Bafore putting the Orion on the orbital statiom,. the ¢clescope with the
. spectrograph was calibrated energywlse ueing the synchronous rediation of a . LY
" “ring electron accelerator. As a result, the relative spectral sensitivity of
- = =-the equipment required for decoding the spectrograins was known in advance. The
; spectrograms required to construct the characterintic curve were taken (under
ground conditions) in the sections of photographic film which remained unused
. -inside the Orion cassette. For this purpose V. I. Papsayev rewound the Temain-
Ing film on the receiving cassette at the end of the programaed work onkoard
the orbital stations. The standard spectrograms were obtalned under laboratory
'.-.conditions lmmediately after the f£ilm was delivered to the ground.  As a result, .
" complete uniformity of the physical parameters of the basic and standard films
- was insured. : :
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7T The final processing of . the spectrograms obtained by the Orion was done -
© " 'in the usual manner. As a result, the energy distributious were found in the
spectra of Vega and Agena in the wavelengith range of_3.800~2,090.A, :
" The observations of Vega and Agena gave extremely interesting results.
It turtned out that the energy distribution in the spectrum of Yega in the
.. 3,800-2,000 X range agrees well with the theoratical wodels. .This permits us . .*.°-
. --3:to hope to use Vega later as a convenient and reliable spectrophotometric
"standard in the wavelength range shorter than 3,000 A {to 2,030 K),

« - g
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The Agena observationsdata obtained by “rion compare with the results
of observations performed by automated observatpries., The presence of am . Y
energy discontinuity in the continuous spectrum at the boundary of the Palmer
continuum, (A = 3,646 ) is confirmed. In addition, significant diversence

~ between the observed and theoretical distributions is detected. Iu particular, )
.-, the observations indicate greater stellar ‘energy. by comparison with the TR
*_j‘ X ..". [ T ."_E/_ Y : s ‘ - ; .
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theoretical data. The divergence increases with the conversiOq to the short-
wave side and already at a wavelength of 2,000 A 1t doubles on the intensity
‘scale. The probable error of these measurements obviously 18 low. Therefore,
. the indicated divergence must be counsidered real. Obvicusly, it indicates lack
of correspondence of the theoretical model of the photosphere to thie real con-
-dititions of Agena which is a bright glant.

- 0o the Vega spectrograms the far absorpiion lines of the Palmer series
_of hydrogen were clearly revealed (beginning with HS’ Hg and farther). The

' ' doublet of lonized magnesium (2,796 and, 2,803 3) merging into a broad line %
-was easily visible also near the 2,800 A line, The comparatively tense &b—. R
‘sorption line on a wavelength of 2,500 A and the other weak lines in the o

‘ shortwave eud of taesspuctrogram is quitc LLE&ZlY 1uolacbd.

_ It ie necessary to emphasise that the analyzed spectro ramns of Vega and
..+ . Agena were obtained for the first time in the world by an astronomer-astronaut
. vbeyond the limits of’tbe Earth's atwosphere. In addition, they are the first L
”Ai'* ahortwave spectrograms of the size obtained under extraatmospheric conditicns. '-wf“g

. As anaanalysia of txe flight data demonstratbd, the operatiug principlc
of the orbital observatory controlled by an astronaut who is not a professional L
.+ . astronomer was completely justified and can be used hereafter when developing - %
‘;,A the desigus for improved space observatories. e

. ) R - L s Ths
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ggyerimunt in Studying Cosmic Camma Eadiation

) The wmost complete repreeentation of the nature and properties of the
. various space objects can be obtained only by investigating all bands of their
electromagnatic radiatiocun, including the shortwave band known as gamma radiation.
_The gamma radiation occurs during the processes of interaction of high-energy
.: . particles with a material and the radiation and annihilation of matter and . -~ "¢
antimatter. The study of cosmic gamma radiation permits us to obtain infor-
‘mation about the denmsity of the gas, the electromagnetic radiation and the )
,‘h cosmic rays at different places in the universe. In a number of cases, for e
o example, when evaluating the fluxes of intergalactic cosmic rays, the gamma - '
astronomy data armedefining..

! " The atudy of cosmic garma radiation is possible only heyond the limita G
- of the Earth's atmosphere. The atmosphere is opaque with respect to gamma o
quanta, and it is itself a source of secondary gamma radiation created by ,

'3, .charged cosmic particles. The cosmic gamma radiation is basically recorded

"‘now either by means of highaaltitude balloona 1ifting telescopes to the

-~ limlts of tha atmosphere or bhboard spacececraft carrying instrument& outsid;

- the boundaries of the atuocsphere. o L RN oL

e

In fhe future such studies will undoubtedly coue to be performad from
“the surface of the heavenly bodies free of an atmosphere, for example, from -
the moon. This e convincingly indicated by the experience of the long~term
operation of Lunckhod-1 and Lunokhod~2. The stormy developuent of the tech- L
" niques and equipmant for space £lights has promoted numerous studles with ra- =271
' gpect to gamma astronomy and the first resylts in space have been obtained. '
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" The studles of the cosmic gamma radiatfon performed up Lo now have been
of the nature of the first exploratory research. Random scanning of the sky
and rouzh gridding of the recorded fluxes to the celestlal coordinates have
been characteristic of them. The accuracy of orientation of the satellites

. ..on which the instruments weire inscalled was relatively low; in the best case,
to a8 few degrees, and the instruments ripidly installed onboard realized pas-
sive scanning of the parts of the sky falling into their field of view. The
ingtruments used In these ressarch experiments were gamma telescopes compris-—
ing scintillation and Cherenkov counters recording only the fact of pamma-
quanta hitting the instrument and with a very larga ervor in determining the

“energy of the gamma quantum. - The direction of arrival of the gamma gquantum

- wag determined with accuracy of no less than the viewing angle of the tele~ _
scope which was usually 20-30 degress. The appllcation of narrowly directional

~and, consequently, low-transmlssioun telescopeswould be wnjustlfizble in re-

Bearch experiments as 2 result of the shortmess of the obuervacion time and

. "the amallnesn of the expected ganma quantum fluxes, o

Sk '.“,. v Ve . [
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HOW&VEr, the satellite research experiments perform;d in the Soviut S
Union and in the USA have already provided many new results. - They demonstrated
- that there are real grounds for converting to a more detalled study of the Y
‘gamma radiation of cosmic subjects and, above all, the study of discrete sources
I of pamma radiatlon, among which the center of the galaxy, the x-ray stars and o
"~ 'the nonstationary extragalactic objects are of greatest ingerest. . o

- ﬁF"";‘: -

) The favorable conditions for performing systematic purposeful. studies
- -of cosmic gamma radlation, in particular, tha study of discrete sources are
created on the orbital station controlled by the ¢crew. he ganma-astronomical
observations from onboard the manned statlon provide more valuable scientific
- information by comparison with the esatellite information.

The homing of the gawma telescope and tracking of defined pavrts of the

. 7.8ky are realized more zilmply and reliably. This means a transition from pas—
° slive scanning with respect to the entire sky to active investigation of indi-
- vidual gections, from randem search to the study of defined, most interesting
C agaca objects, and it means a qualitatieely new step in gamaa astronomy.

f o P T : R
NETI

) The insrrument serviced by an astronaut can bu aure informativt tnan
the instrument sent on an unmanned satellite. 1t can operate in various modes:
record gamma Juanta, protons and electrons which offers the possibility of per-
forming correlation measurements. Here, the operating modes of the instrument
will be changed by the astronautsboth on instructions from the ground and

oy operatively'by deciﬂunn of tha astroaaut himself. T T T P P TR

T, B . - R

The astronaut can control tha proper functloning of the telescops in
£light, do preventive maincenance work and aleo eliminate fallure to the re-~
placement of individual units.

“» - " The gamma telescope onboard the orbital station has better angular
resolution. This im achieved as a result of introduction of a tracking de~
tector into it, for example, a spark chamber, in which it is possible to

... ., trace the path of each electron~positron couple arising during conversiom of -~ -7
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the gamma quantum and define the direction of flight of the gamma quantum.
The events in the spark chamber will be photographed on £llm, and the astro-
naut can trace the expenditure of the film and replace the cassettes. The
_angular resolution of this telescope 1s determined by the accuracy of measur-—
ing the trace in the tracking detector and is 1-2 orders Lettwr than for the
gamma telescopes used on the satellites. The specd [transmission] and effect-
ive area of the telescope not presently comnected with the angulay reaolution
can be sufficiently large to record small cosmic fluxes. The optical intake
of data from tie spark chamber is the eimplest aud informatiwely most com~
L plete.
0% The Anna-IILI telescope was installed on the long-term Salyut orbital
station. According to technical specifications, this telescope can record
.. ff;u‘cosmic radiation with an energy of ET > 160 megaelectron volts. ,__\”m '

.. The instrument comprises a series of SCiﬂtilI&tiOﬂ counters and a
" Cherenkov counter recording the necessary events using an electronic separa~
o .- tion efrcuit, two tracking ppark chambers recording each isolated event, a

. stereophoto recorder with changeable cassettes and servomechanisms and moni-
. toring elements.  The gamma quantum incident in the fileld of view of the i
o telescope passes withast interaction through the ventllatiou counters C1 and o

) 'f‘cz and in a. lead converter with a probability of about 20 percent it craates ‘-7?23?

“rgﬁ*_an'electron*pos;tron qmuple. The electron and positron, being charged particles,
cause response of the scintillation counters 03, C4 and the directional Cheren-

'kov counter L, =which records only the particles woving from top to bhottom.
The pulses from the_CB, {:4 and & countera go to the triple couparison clrcult

and then to the circuit isclating the investigated events. If signals do not
arrive at theccircult at the same time from the counteres Cl and Cz, a pulse

"o 18 generated which startes the pulse voltage generators feeding high-voltage - RN

"~ " pulses of 25 kilovolts and a duration of about 169 seconds to the spark Lot

chambers. As a result, spark rupture takes place with respect to the trajec-

.. tories of the particles pasaing through the chawbers. The plcture of the

= ..gvents in the spark chambers is.photographad by a camera in two mutually
orthozonal projections. Aferr of the response of the spark chambera the film

- dn the camera is shifted by one frama, and tue teleacopb is ready to rccord

+ the mext event. . ° ;o . <UL inp s i el e

PR e L P ﬁ.. N RECITA
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B he dlrection of the gamua quantum is determined by the angle s of the
_,ggtraces of the electrap-positron palr in the first wide-gap spark chamber. = . :;
. The accuracy of repwpduction of the direction is about L degree which, as was ~
indicated above, is attainable only in such gamma telescopes. In the socound
-, spark chamber comprising four intervals separated by lead plates, the compon-
ents of the couple create an electron shower. With respect to a pumber of
. particles in the shower, the energy of the primary gamma quantum is deter-
" mipned. The sgark chambers are filled with technical neon to a pressure of
1 kg-force/em~, and they can operate without changing the characteristics for
several wonths.
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On the photographic film, in addition to photographs of events in
spark chambers, additional data are recorded: the time for the gamma quanta

"to get Into the device, the readings of the intensity meters which measure

the total background created by the charged particles, and so on. Some of

* " 'the operating paramcters of the telescope such as the rates of counting the

gamsa quanta, the low-euergy and high-energy charged partieles are transmitted
to the Earth by means of thn telemetric system directly during operation of
the telescope. . - :

‘ The dlsconnectinm of the "forbidden' counters €, and C, from the sepa- s
- ration circuit permits operation in the charged particle reco¥ding mode (pri- .- :

.. marily the proton recording mode)., Depending on the intensity of the flux, BRI

<5

" times. The recordilag area is about S0 cmz, and the geometric factor for the = .%
" igsotropic flux is 22 cm?/steradian. For dimensions of 600 X 400 X 450 mm, = Coed

,,v_:.'

- conditions of performing the experiment, that is, find the background of
- matual and charged particles both caming in from the out ide and occurring . . .-,

&' operation were left directly to the astromauts. The initial processing of :;_ﬁkﬁ‘fs,

the spark chambers can be triﬂnered with a different count.

het
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The physical characteriatics of tha telesc0pe were &etermined during :
calibration ander latoratory conditions and on acceleratiwn in beams of mono—
‘energetic electrons and protons. The effectiveness of the double anticompari-
- BOn counters (C and CZ) turn out to be more than 99. 99 percent. This indi- )

.

T ey

cates ‘that the gamma telescope. can Oparate under the conditions of a lar%e '
background from charged particles exceeding the gamma quantum flux by 10

-the mass of the instrument together with the interchangeable cartridge and N
the fllm reserve of 20, DGD frames is 45 kw The power incake is 14 watts. e

The Anna—III gamaa telescopa is a highly complicated instrument, aud
oaly testing it divectly under the conditions of space f£light will parmit
judgement of the prospectivenass of using this type of apparacus. Therefore,

‘bofore the creators of the telescopes and the astronasts there wsme three hasic

50318. it was necessary to do detalled studics of the fitness of the tele—
: -8Bcope, . to discover the possibilities of investigating gammaﬁquanta with
different orientation of the orbital station and to determine the physical

‘inside the statdon. - L et LT L rn e R e e e Sed T
. The telescope operated in the garmma quantum and charged particle record ‘

.modé during orbital orientation of the statlon with stabilization of the . NI

station on the Sun and under the twisting ofnditions with orientation of rhe :

Sun for a total of 20 hLours. The telescope control and monitoring of its

the data received from the gamma telescope permitted evaluatlion of the back-
ground f£luxes.

The experimental results indicate the propar seiectioﬁ‘of the method
of investigating cosmic ganma radlation. The experience obtained will un~-
dOubtedly propote further progress in gamma astronomy.’
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Studies of Charged Particle Fluxes

i

The problem of the composition and spatial distribution of the particles
. at altitudes of 200-300 km above the Earth below the boundary of the radiation -
belts has not been solved up to now. It is unknown what proportion of the
particles in the radiation bLackground is protons, electrons or positrons and
how they move and how their intensity changes with time. There is still no
clear representation of the nature of the increased radiation background near
the Earth C

L With respect to the problem of the origin of the charged particles there
" are several points of view: the albedo origin, the diffusion from the belts,
and acceleration near the Earth. It {s possible that at the indicated altitudes,

: "~ all of these wechanisws play & role, but it has not been discovered what con- =~ i3

-7 .tribution each of them makes. Therefore, it is of special importance to

-.. -Btudy the charged particlesfluxes at the orbital station which can be equipped .- %
" with & large quantity of scientific apparatus, and it is capable of operatiug

for a prolonged period under the control of the astronauts. -

.‘\.‘

_ ' In order to record the charged particles against a radiation background
. on the Salyut orbital station, the Cherenkov-scintillation telescope was in-
v stalled. The purpose of the experiment was to study the bacHground intensity
of the charged particles at altitudes of 200-300 km, the latitudinal dependence
~ of this background and its time characteristics. -The increased radiation back~
. ground at these altitudes was noted from the time of the beginning of studies
~on artificial Bewph satellites in 1960. It turned out that the intensity of
the charggd particles with an #nergy of geveral megaclectron volts and higher
exceeds the intensity of the cosmic radiation in the equatorial reglon by
geveral times, The instrument designed to record the radiation background on
the Salyut station had various outputs from the Cherenkov-gcintillation sensors
- and could be converted into various operating modes. The channels were cali-
" brated regularly. During the £flight time of the Salyut station, the crew per-
formed more than 60 different operacions with resPect to tccordinb the charged
”particlea. b e e AT ,
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The analysis of the results obtained in the revion ddjacent to thc gaou
magnetic equator shows that here the value of the charged particle flux is
. 530 4 90 particles-m ?:sec”l-steradians™l, The instrument could record pro-
+'tons with an energy of 400 megaclectron volts and electrons with an energy of
B megaclectron volts and higher.  For protons the efeiwgm energy is deterained
- by the threshold of the Cherenkov counter for electrons, by the penetrable R
‘thickness of the material. - = 7+ _ { SR ; T

s

B During the process of experimentationoon the Salyut station, it was
‘necessary more precisely to define the problem of the existence of groups of
electrons appearing as a result of thelr acceleration an@altitudes of 200-300
km. The hypothesis was stated earlier of the presence of electron clusters
with an energy of 300-600 megaelectron volts. In order to check this hypothesis,
the apparatus of the Salyut orbital station permitted a time analysis of the

. recorded particles. Studies were mede of the particles "delayed” with respect . .-~
to time within,thellémits of the 20 microsecond interval. The ratio of the o
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.’ the mechanisms of generation and propagation of cosmic rays dn Interssellar :
.--8pace. The study of the multicharge component of the cosmic rays is especially

flux of these particles recorded with respect te the nunber of delays to the
total electron flux with an energy of & megaclectron volts did not exceed
51073, The data received from the Kosmos—~225 satellite demonstrated that the

. ratio of the flow of clusters of corresponding density to the flow of electrons .
with an energy of 40 megaelectron volts is 9-10-2. Considering the difference

in energy bauds of the eleetrons, it isppossible to consider the established
divergence not very large. The small muber of "delayed" events with respect
- to the total number of recorded particles indicates that the problem of the
. existence of the charged particle clusters required for the research.

';‘:_Study'of the Multicharge Compouentrof ?rimarﬁ Céamic Radiatioﬁ_“

" The study of theccompbsition of the primary cosmic radiation 1s one of

+ the fundamental problems connected with the theory of the origin of cosnmic

sy e AT

. 'radiation. The experimental data on the composition of the cosmic radiation

permit uB to draw couclusions regarding the sources of cosmic radiation and

-:';iii*importanp_also‘in order to insure radiatlon safety of space f£lights., -

The cosmic radiation includes heavy multicharge particles -in addition

_”;?;L”to protons and alphaparticles. These multicharged particles are the nuclei

of atoms of various elementa free of electron shell and moving with different

v;speeds to speeds close to the speed of light. In spite of the fact that in

quantitative efspects the nulticharge component is a total of about 1 percent

- "of the total number of all corpuscular cosmlc particles, with respect to mass

A

it is aboontll percent, and with respect to energy release taklag place in the
matter, about 40 percent. The study of the compositicn of the primary cosmic
radiation presupposes the solution of the following problems.

1. A detailed study of the charge composition of cosmic radiation

" ““‘outside the Earth's atmosphere (on satellites) and outside the Earth's magneto~

"sphere {on automated Interplanctary stations). Specifically, this pertains

. : to the range of very heavy nuclei with a charge of Z > 26. The studies dn _ _
. ~&. . the Indicated range can offer new important information about the sources of < "

L.

&\.
T

+ " cosmiec radiation., Let us note that at the time of sigting the experiments on
the satellites, the data on the heavy nucleus content in the primaxy cosmic
.. radiation were highly .contradictory. - S L n e ol tae o - }
s £ B - N - oL oo PR T C S B A Jf‘?"":};
2. The search for transuranium and uranium nuclei in primary cosnic L
. -radiation. The detection of such nuclei would have great significance in solv- o
« ing the fundamental astrophysicalpproblems and, in particular, it would per- ?ﬁ%ﬁi

ot

mit discovery of the distribution of the sources of cosmic radiacion in space.

3.. The searches for antinuclei in the composition of the primary cos~
mic radlation inasmuch as the problem of symmetry of the world with respect to

.. matter and antimatter content is omne of the most interesting problems of

- astrophysics. o

S 4. The search for the Dirac monopole (a single magnetic charge) pre~ -
"~ 777 'dicted by Dirac and not detected up to now. : -t S
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5. Study of the chargedcomposition of cosmic radiation in the field of
low and high energlss along with the investigation of the energy spectra in
the low energy range for particles of different charges. These data are highly
significant for understanding the processes of the propagation of cosmic rays
~and the mechanisms of cutting off the energy spectra in the low energy range.

The advantages of satellites and automated interplanetary stations for
the performance of the aboveiilsted studies are quite obvious. Three of the
_above-mentioned problems are conoected with observing the extremely rare
- i events, the probability of the recording of which depends both on theaarea of
h]athe detector and on the duration of the eaperiment.

A . T o T E e T
I . i

In the experlments witn respﬂct to studyln? tha multich&rge cpnpOnent,
:.:r 8 photoemulsion camera was used as the detector. -Such experiments have already r::-
"%, been performed previously on the Soyuz~5 spacecraft and the Eosmos-213 satel- . = =&
... 1lite and also on the Zond-5, Zond-7 and Zond-§ automated stations. The L
"< experiment on the long-term orbital atations Salyut differs significantly from -
- all the previously stated experiments with respect to its duration, and it
',makes a noticeable cantribution to thc general statlatical material.

Lot In ocrder "to investigate the multicharge compouent of the primary cos-
ifmic'radiation, e FER-7 photcemulsion camera with a volume of 1.4 liters com~
pined with plate detectors was installed on the Salyat orbital station. The .
"'ié};amount of absorbing layer over the camera was 1.2 grams/cuZ. The photoemul- - ¢ -~
~ _ slon recorded the charged particles hitting the chaumber, and after completion
. of the experiment under laboratory condltions on the Earth it permitted 2 de-
.tailed lnvestigation of each individual interesting event. The total exposure
time of the camera in orbit was 1,728 hours. The camera was instailed onboard
the orbital wodule of the Salyut station before the launch on 1% April 1971
It was removed from the operatlng posit*oa by the sstronauts and delivered to
:%the Earth.. : e e e eleea ol ?¢,,‘_ .-'1~au L, R,
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- _ Tha photoamulaion camera was assembled fxcm iadivﬁdual layers of low-
© sensitivity type A-2 emulsion with a thickness of each layer of 200 microns. )
r*gThe thickness of the layers was selected with a specially chosen development 7.sWis
e pegime permitting certain isolation of the primary heavy nuclel with larga - 77 77
chargea in splte of tha relativily large radiation background in the camera.

The poasibility of investigating the primary nuclei over a long run ﬁ'*”?zf
in the emulsion permits reliabie separation of the particles strongly lonized '
. as g’result of low speed on, tnn patticles, the iouiaation of which iaccau&ed

W .‘Q_A B A < ,. e ¥ A " s ,"- Sar
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The experiment on the long-term orbital station Salyut demonstrated .
.- the possibillicy of using the nuclear photoemulsion as a detector under tha e
conditions of prolonged -@EPOSUros (2 -3 months) on space oblects.

. The data obtained indicate that the procedure for the application of
lastic detectors 1ls prospective for studying tlie multicharge component of
. . -cesmic ;ndiation on subsequeut space flighte,= L VR
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_ It is alsc necegsary to note that the use of plastic detectors as
threshold detectors caun be of sipnificant assistance in the dosimetric con-
" trol of the astronauts.

The statistical processing of the results of'stuéying the ﬁﬁiticharged
component and inspection of the irradiated emulsion permitted svaluation of
the relative content of the heavy nuclei in cummlc radiation.

It was established that the relative contents of heavy nuclei with
z > 33, z > 40, and 80 on cutside the Earth's magnetosphere have approximately:

3 magpetie field. - |

"'As for the most discussed and interesting person of the cxistence of

.mle rays, its solution requires further experimentation on the Balyut manned
orbital stations. LT (L :

-y

; Study of Meteorihlc Material

D Tha studies of the meteoritic materiel in outer space have both sclen~
g f tific ‘and practical significance permitting evaluation of the meteoxttic danger
~with which it is necessary to deal during prolenged flights of the heavy
" spacecraft and orbital stations, The statement of-these studies on the orbi-
.+ tal stations can give the most significant results inaemuch as the necessary
'duration of the experiment and the possibility of placement of a sufficient
number of sensors on the hull of the station with a large area of sensitive
-surfaces for recording sateor{tic particles is insurad.

On the Salyut orbital station an experiment was performed to determine
- - the spatial density of the meteorétic material. The meteoritic particles were
" recorded by means of capacitor and combination- capacitor and plezoelectric
56NSOrS. .

term shcrtcircuiting of the plates by the ion shell takes place. This arises
as a result of the interaction of the high~speed particles with the barrier.
Tharefore, the fact of this short cilrcuiting of the capacitor in flight indi—
gates rupture of it by a meteoritic particle. '

) the same magnitude as outaiue tha atmosphure, but tithin the limits af the IR

uranium and transuranium element nucleil in the composition of the primary coa= -
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VfIn the case of breakdown of the sensor by a meteoritic particle, short—-}i e
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Study of Metecoritic Materials

The studies of meteoritic materials ian outer space have baoh scientifie

and” practical significance permitting evaluation of meteoritic danper wnich -
~must be. considered during prolonpged flightmoof heavy spacecraft and orbital = = «-=0
statlens, The statement of this research on the orbital Jtationa can pive cHL

most significant. o o
results inasmuch as the required “duratton of the experivhnt and the poqsibljlcy

of placewent of a sufficient number of sensors on the hull of the station with

-a large area of sensitive nurfaces for rccording netcoritic particles iﬁ inw
surLd. e A}_i_ ';f?' . _ -

‘-On the Salvut orbital btation an experirent was’ stated with respect to
dctarainlng tiie spatlal density of the meteoritic material. The meteoritic.
*particles were recorded by means of capacitor and combination capacitor and -
Piczoelectric SEHBOIS-? N - S ‘ o oo s

=

' In the casé of puncture of the lenser by a metcoritxc particlevthere is h

a- brief short circult of the jacket of the ion shell occurring as a result of-
interaction of the. high-speed particles with the barrier, ' Therefore, the fact -
“ this short circuit of the capacitor in flighc indicatcs puucturc of it by

el
PRSTS

VY Dne group of sensors’ was placed in the rear sectiou of the orbital .
'"module near the solar cell nanelq tho other was placed on the cuter surfacs.: e
vof. the hull io the large~cylinder zone., The information from the two sensors
.- of identical sensitivity was summed by the electronic nodule of the erhital
_statlon, The thickness of the sensitivecsurfades:of the sensors was taken azs
.30 end 40 microns, and the area of the densitive surfaces was 0 33, 0 34, 0.5
and 0 85 m2. :

ey 'The capacitor sensors placed near ‘the selar cell panela recorded 8
higher meteoritic particle flux than the sensors of the same gengitivity
placed on the surface of the large cylinder of the hull several times, Ob-

-viously, this can be explained by recording of the first group of products of

.f;destruction of the solar cella ejected during fumpacta of the meteoritic part—.

1c1eb on thelr guxface by the first group of scasors.

f?,; When processin" the experimental data aboug’ recordin" the meteoritic _
' particles by the sensors during the period from 15 June to 27 June 1971 for a

total time of 8-10° see, the total nuoer of punctures, the mess of the netew
Toritic particles and the spatial denmsity of the particles were discovered, It
f.is characteristic that the piezosensor adjusted to record mcteoritic particles
- with larse nmasses of m > 4°1ﬁ prams had no responae.

, . The exparimental'rc ults on tne Salyut stﬂtion sipniLicantly sunple-
~ mented the available information about the spatial density of meteoritic . .
- material in the space about the Earth (in the reglon of low-mass meteoritic 7%
“particles), and they permit the designers to consider the meteoritic danger
during the desiegn c¢alculations, In acddition, new data were obtained to improve
-, - . the apparatus recording the meteoritic particles., " SR s
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‘ Co&pléx Phoﬁdaféﬂﬁiﬁ‘ﬁxperiﬁant'for'%olviﬁghSéientific.énﬁ ¥ational Econotlc
Problers

oo . One of the basic divisions of the ecientific research program on the )
-’ Salyut orbital station was tiue complex photographic experiment. Photographing @ =« %
" . 'the Earth from space provides valuable scientific information, It was done '
_-previously, but on a swaller scale, Onboard the orbital station Salyut there

- was a lavge complex of stationary and menual photographing equipment of several
' types whicn deternined the scales of the nhatoﬂraphic '-vuerivent,

L

&The guccess of the experimcnt was prowoted by a great deal of prepara—
!tory work during the course of which a careful analyais was nade of the demands
‘ of various branches of the national. econoty. . A maethod of selecting the op—-
tiral paraneters of the phetography system was developed which is based on an-~
—-alyzing the problems of taking the photographs,’ tha characteristics of the.-
.%photogr&phed abject, the conditions of making ‘the photographs, the modern possi~
billties of optics, the photobraphic equipnenc and photoyraphic materials.;;- 33

; - The active participation of the stanion crew and - performance of tne ex-
periment permitted a sfgnificant increase in its efficiency by naking a pur- -7
“ poseful selection of the most interesting objects in scientific respects, .In

' addition. the. presence of the crew simpliffed the solution of the problems of

preparin? the onboard equipment, and it permitted 1ta adjustment in flight.
As a result of the experiwent, planned highly informazive photopraphy

el ;of several parts of the Sovﬁet Union vas carried out-om different scales.

L Prublens Apparatua and Orﬁanization of the Experimenrn _'}7 R
S The statement of the phnto ruﬁuic experinent was preceded by nore pre-
2 - eise definition of the 1ist of scientific and national economic problems, the

+.. solution of which by the methods of space.photography is the moat expedient"_.fﬁii*é
‘v the development of the apparatus end methods of - taking photographs and photo- T
- graphic and photogrammetric processing of space photographs, the development

..of the nethods of scientific,intergre:ation and practical utilization af space
'photographa. PR IR i . N :

RN e
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C 7:" Yhen preparing the experinent about 100 problenﬁ frum the fxvlas of -
. ', geography, gecdesy,.geology, faruing; lumbering and fishing, land {mprovement, .
fhydrology, meteorolony, oceonography, and so on were formulated and analyzed,
* These problems included, for example, the creation and renewal of the various
‘maps (topographic,; geologic, gecbotanical, goil, and so on); the discovery of . ..-.. 3.
“the geological structures prospective for finding minerals, the study of the &
distribution of the snow and ice cover, the study of the conditions of thaw-

ing of tie suow and flooding of the rivers, cbservation of the movement of sea L
ice and the detection of iccbergs, evaluation of the moisture resarves in
* the soil, estimation of the water end wind erosion, obaervation of the water -
Ly pollution in the rivers, lakes and secas, detection’ of ground water sources, . . %

-+, taking inventory. of the forests, taklng inventory of farm lands,_evaluation of the
state of crops, studv of tle shore destruction nnd rna formation of band bnrss




LI

ﬂ:?with respect to spectrum and equal to 0.1 and 0,05 respectively (the steppes,
- dry meadows and fields, and so on have an albedo close to 0,1, and rivers,

o e The, struetural deelgns of the fixed . caneras provided the possibility
; 0£ solvina the basic scale of the photographic experiment. However, the

- variety of problems of the complex experiment and photographic subjects re- i
‘“quired the presence onboard the station of two more manual cameras with inter— -
-~%*." changeable optical ‘systens, broad possibilitiea for varying exposures and

B Iight filtara, and 80 on, - m.93‘4= ..;”-Ll,‘__r::n ot

study af Lhe telief of the ocean floor in the coastal zones, and the study of
marine turrentsy, and o one - - .. . : : -

By using photographic equipment, certain other problems were slso. . 'ﬂ-hg

" " golved: the recording of visual observations of the gegmonauts, the recouding

of the results of technical experiments, photographing the stars in order to
grid the Earth photographs, construction of the peodetic grid and determina—

"~ tion of the dynamic characteristics of the station.

- The laws of diatribution of the relative number of problems solved by ,
phntographs weres defined as a function of the required magnituda of the resolu— T
"tion on the terrain and the coverage of the terrain. : o

eras
e

,photographic system for taking pictures of the Earth was solved in two atepéq-

- ¢ulated for all possible combinations of the remaining parameters (delay, stop

: on have an albedo close to. 0. 05).'.;;~-4“

Selection of the Parameters of the Basic Photoqraphic Lquipment andg dovie Cam*fJ.‘ﬁ

 The problem with respect to selecting the Optimal pnrameters ef the
: First, the system was considered which with wminf{mum focal length of the obe
jective insured given resolution locally. Then the actual cbjective with the
. focal length close to the calculated focal length was selected. The resolu~

tion of the objective as a function of the different factoxrs was nore pre-
cigely defined experimentslly., -The values of the resalution locally were calw

‘aetting, light filter, film, developer, development conditions). The combina-
tiocn of these parameters was selacted for which the best resolution wag ob-
tainau. . : : .

The exposure calculation and the salection of - the pararetera of tﬁe
camera vere pade for the average conditlons of photopraphy for which the spac=
- tral albedo of the brightest and darkest of two objects were assumed constant -

lakes, very wet sections conlferous foresta

fresnly plawed fields, and ao e

EReL

¢he zeuita distance of the sun wvas assuned equal to 75 degrees so that

'under any conditions. the image obtained using the selected apparatus does not

‘fall into the tegion of underexposures, The gpectral optical thicknesses and .
the gcattering indexes canseﬁponded to tha sverage state of - transparency of  eoovie
the atmosphere. _ o . [ ) SN : '

T\e photographic material was selected by ‘the reaults of s:udying tha Cenh mle

e T R,



image properties of the entire photographic system considering the atmospheric-
ooptical requirements and the possibility of obtaining the maxinum information
about the photographic objects. The evaluation of the informativeness of the
photographs wos made on the basis of an analysis of individual indexcs enter—
S ding inte the fornula for the informaaiun capacity of the photographic system.

Honon el i‘ When wselecting the apparatus for photographing the stars we began with
-+« the necessity for obtoininpg images of no less than three sters on the photograph
(for the expected rates of rotation of the station around the center of REss) .

- In addition, the problem of combining the functions of photographing the Earth
s and the stars in one csamera was stated, Thig problem could be solved by ad=

2 justing the "apparatus which wss done by the cosmonauts duripg the photographing

process, .After preliminary analysis and the necessary calculations, the on-

board set of paotographic and movie equipmant wag finally defxned.

) VAL e - o~
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Before the fliﬂ‘n:P the photometric and photograumetric calibration of .
‘the stationary cameras was carried out, and the exact position of.thelr co=' e
-ordinate axes with respect to the axes of tne orbital etation wasg. determined._
LA Afzer photagraphing he Larth by one or two cameras, tha COBmOddutB
g;were able to photograph the stars with one of the cameras, make -a synchronous
- photograph of the gtars: with both cameras, and take a aynchronous photograph
‘of the Earth and starru-: - S S

"a

. CohaE s el - ‘ ToESTE L et FEREL
In all of tﬁa enuuerated cases the- cosmnnauts have tahen nhotosraphs T LT
eicher with any interval {more than one second) between the frames or they . 2
_have given the automatic vhotngraphiny mode with a defired interval between
. plctures within the limits from 1 to 60 sec.  The cosmonauts. controlled the
operation of the cameras duving the time of taking the photograph by using

spacial indicators inscalled o th e oﬁntrol panc! and on the apprratus itgelf,

o The manual cameraa were uaed bothrfor externa; photographa through che Lol
ports and for internal photographs (in the station conpartments), In order

_to deternine the exposure conditions of these photographs the cosmonauts nad
" onboard, exposure meters available. "-The required level of illumination dur—: 2
#[?ing the ‘photographs’ inside the station wag achieved by using a portable livht. S

Orgaqizatlon of and Takina Pnog glapne

Photographa ta&en fron the Salyut orbital station can be divided into
two gloups. photographs of the objects with respect to indications of the R

“.{ground control group; photographs. of objects by ezamination of the crew in i

‘the process of vieual ebservation, =~ 7. . . . " 0 e

- #,.,. * Tha photographs of the fivst group required. preparatory WOrk with re- "
. epect to organization of the prariﬁent and also insurance of operative cotie
. %, .o trol of the course of the experiment (including che operation of the station
<3f5?* crew and diraection of .the experiment by the ground service rroup). The
‘preparatory operations were performed in the absence of specialists of the

' different branches of the national CCONOMY e .. .

e
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©“'In order to obtain the maximum volume of infornation, several regions
-wvere selected in the rerritory of the Soviet Union, the photographing of which
from space was of the greatest interest from the polnt of view of atudving the
. natural environment. The aerial photographs of these reglous were taken first
-~ on different scales and certuin other operations were performed. Tor each re- SR
- glon the inltial data were defined by photographiy: the required resclution
locallyy the optimal sun altitude, the ovarlap of tha photographs, the orienta
‘tion regimes; and so on. L ,

o On the basis of the resulta of the prepnratory work a program was com= s
Sr-wir-piled for taking the photographs determining the sequence and conditions of T
A '_~_operations of the complex photographic experiment. - Durigg the process of the
s - flight, the operative ground proup prepared the initial data for irplenenting

the probran and nou;toriub its execu*icn,w'

-

'In order to take good quality photoyraphs, the 1nformation abcut the
. meteorological situation was taken Iinto account. = The service group success= . 7.
ively obtained the seven day, three day and 24 hour weather forecasts in the
‘previously coordinated reglong which offeved the poasihility of wmore prerise
‘jdefinition of the operating orbits for'the photographic experiment, =

b3
[
R
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The wain ballistic group publisncd the necessary data with respect to T
,the actual orbit of the station.“ the height ‘of the orbit, the” gecgraphlc 1ongitude,
the tinme of intersection of the equator by the ‘operating orbit. the time of
Tpassape of the station ‘over thc phntographing region, and 80 on."

L Andljzin9 all of the data obtainedﬂ the sbrvice group transmitted the .
- raéiopram to-the station centaining the necessary data for the photopraphy
session. The station crew prepared the camera to take photographs (loaded
the cassettes with the eselected film; set the steps, the speed, the lighe
- filters, and the photopraphing interval) and in accordance with the Progran .
- -took photographs of the sections of the terrain. .0On completion of the photo- " ﬂmlé
fgraphing session data were transmitted to the Earnh on the course of parform— h
ing the cxperiment. :

) : After conpletion of tne space photopraphy program, the remQVed film s
" was delivered to the pround for photochewlcal processing, a2 detailed analysis
' of all the materlala nbtained and multiplan deeodingn“;_

RIS L

?‘Phntographic Procesaing and Chatacteristics of tha Materials Obtained e

i Photogtaphs of the Earth frOm the Salyut orbital Btation were taken in L
‘a‘vide rafge of {1llumination (sun altitudes varied from 10° to' 60°), Objects -
- very difforent with respect to their brishtness characteristica were photo- -
graphed: . from dark (water surfaces) to very bright (clouds, snow), from low
" contrast (deserts, continuous clouds) to high contrast (mountains with snov,
individual c¢louds above the water). So that in any of theae cases high qualicy i
% e negatives would be obtained, 1t was necessary to provide for the possibility R
*+ - in the photo processing of varying the sensitivity and the contrast of the
o photographig uaterial within braad 1inits (for tbe senaitivity 1: was nnccssary




to insure approrimately tcnfold variatiou of 1t° thc contrast had to vary
- Within the limits from 1.0 to 3, D)g Lo Lt . : .

, . In addition, in pract*cc none of the Soviet or foreign davnlopera with T
“knowm formula provided for the listed requirements. Accordingly, a formule .
was developed for spaecial developing solutions, and the conditions of proces=
sing the f£1lm were established which permitted regulation of the contrast with- - .

" in a broad range (from 0.65 to 3. G) simnltaneously with improving ito sengd- N
s - tiVlt}VG : . - - :
3 Before proceeding to’ chemical-pnotographic proccaaing of tha exposed e
~f11m, the necessary preparatory work was done:  according to the notes in the
onboard log, the synoptic mars, the television picturss received from the
meteorologicai satellites and other materials, a careful study was made of. the.
‘conditions of taking the photographs (the actual state of the weather, the
_transparency of the atwmosphere, the characteristics of the photographed land=
- scape, the illumination conditions) were carefully studied, and the exposures
" obtained by the film in each specific case were calculated., ' On the basis of
. ‘this, sensitomatric indexes of the photographic material were calculated.
These indexes were necessary to insure high photographic ‘quality of cach of .
- the negativer, and tha formulaa fox the developars and the devalopment condi- -
tions were: amiaeted.m ;xz; : T R TPSE '

= ;The photographic film on which the stars were. reanrded was uavoloped in - "
the standard developer to maximum values of the contrast and sengitivity in -~
"order to obtain the laTgaest possible nunner of imeges of the stars.

When taking photcgraphs by a manual car:erag the exposures were deteminad
by the cosmonauts directly before taking the photorraph using the exposure unit
~wileh provided the optimul fiim expoaure, Therefore, the manual phatograpnic

: material was also processed iu standard deve)opera.pay;; : :

3 Meteoritic Analv iis of Spaca Pﬁotographs of s.Gloud Covor

“iIn order to solve scientific problems and iusure the operativ& work of
o reather service, meteorolopy is in need of global informatien shoutf the

- atmospheric phenomena on the scale of the entivre planet, Along with this, in- _
o dividval periodic obsexrvations of .the meteorological phenomena from space for sl UE
;? the performance of research work, the development of methods of ‘using informa- S
tion and improving the methods of the observations themselves were highly val~
uable. This type of materiel was partially obtained from the Soyuz manned
~spacecraft. Ad for zheioperative weather aervice, it requires c0nt1nuously
:1ncoming meteorological information, ,

. ‘ The beginniny of workinp with resnect to a svstematic investipation of
-t atﬂospheric phenorena from a manned orbital station was set down by the crew
., of the firgt orbital atation, Salyut., OCnboard the station obaservations were
" made of the atmospheric phenomena, the cloud cover and the surface of the
ocezns and seas not covered by clouds. They included primarily the visual
.survey of the Earth and the space about the Earth. In addition, photographs . .

& were taken of remarkahla or unusual phenomena. TRl T o Y




The purt of the planets occupied hy the oceﬁns uhcrc the meteoroioﬂical
‘station network is extremely sparce and the information about the phenomena in
‘the atmosphexe above the ocean and its interaction with the ocean ie highly -

- 1imited aroused special interest. ) C
SISt o T BeEt e s e e .Jp%-~h»"
The obscrthions from the Salyut crbital statiou encompassed a broad
_clasa of meteorological phenomena., Studies werxe nade of troplcal cyclones which
.oceur An the equatorial:part of the oceans and bring mankind enornous misfor—
tue, * Cleoud systems are connected with the eyclones which appear from outer
e apace in the forn of compact cloud vortexes. . . )
R DT T LT e T T
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i A no- less important problem consisted 1n observing ‘the surface of the
oceans and the clouds thewselves formed sbove the oceans, The observations of
-the cccan surface permit distinction of the nonuniforwity in color of the water | .
connected with the ocean currents, the deep=-water outlet, discharge into the ' " -
“oceans from larpe rivers, - The observations of the cloud covar above the water
. reveals the variety of cloud outlines, the ghape of which 13 .connected to the |
defined atruQCure cf the movement of the air aaove the ocean aurface. }

.Héteorological observations from.onboard the orbital station were pan-
£ormed by the previcusly developed procedure considering the obserxvation ex-
‘1perience during preceding flights on the Voskhod and Soyuz manned spucecraft.
“The cosmonauts conducted independent work with respect to the progrem, and -
“‘they obtalmed the required comsultation about the regions of ebservation of .
~the interssting cloud formations and other atmnospheric phenomena in the extra-
'?ﬁg,tronical and, tropical latitudes of the Southern and Northern hemiapneresa T a;""g

- s -

..+ . The station crew visually recorded and pnotcgraphed many’ interesLing
-eloud sltuations unavailable to aivrcraft observations and not distinguishable
on the photographs in autonated satellites, The route photonrapihy permiltted
- an image to be obtained of the uesoscale cloud subjects, Their conditions of )
+" pgcurrence and their dynamics are a spocial divdaion uf meteorologygﬁz.meqﬁmy- R
. meteoroloﬂ o : L P __ S

An analysis of tha photographa of the cloud cover and the underlying
Surfacea from. space permits discovery of a nunber of mesometeorological pecul—
iarltiesq .
7 ”; Above all. attention ia drawn to. the  fact that tha larye valleya and :
Qo _j'ravines on the photographs (page 108) are free of clouds. Thia can be ex=

plained by the cffect of the- nlghc wind causing settling of the air above the val“
”}ey;th§§w9¥og§}%§s val&eyﬁﬂpermlt‘gasy orientation on the orographyl of the _Tegion. -
Tﬁé‘mo?hiné130nvectioﬁ oceurs “of the ‘mountain slopes aleng the side 6f the = 777 "1
valley illuminated by the sun. The clouds formed do net accumulate on the
+ ridge itself, but they remain for a long time on one or both sides of fit, If e
" the ridge 1s covered with snow, the cunulus clouds are not formed above this

cold underlying surface.,hl:'“ T T TR e e
R - ) R e R é
o Droqraphy is the characteristic of the forms and dimensions of the ' '

_.aurface relief itB height and exten:. L . .
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The stratocumulus clouds above the mountains the ordigin of which is

connected with the preceding cyclonic activity, are isolated on the photographs. .
"In the mountains, the snow line is clearly outlined with all of its details,

The texture of the ridges covared with snow is distinguished Bharply on the .. ..
“photographs from the texture of the cloud cover, '

ige_results_df analyzing tha phbtographs of broad occluded1 cyclonés is

of preat interest, The cloud system of this cyclone usually is a gigantic vor-
tex to 2000 kilometers across. With respect to tene and structure, the cloud
imapes are well-distinguishable from the characterletic features of the air
circulation in the central part of the cyclone, Obviously, the vortex struc—-.
~ture in the center of the vortex is nade around which the spiral cloud belts -
converpe. '

ol L — R T U LD S ue S R S ", ot . ;:- T R R I ,-\ IR
ERPE-LU ....¢n P oA i - T T ‘,_ -
- s

i The cloud system of the . low cyclone recorded by ‘the Salyut crew from
the series of those which frequently shift under the effect of the subtropical
jet stream turned out to be no less intevesting. - The cyclone was detected ‘
‘over the western part of the Pacific ocean at a latitude of about 35° north of

?; the equator, This was a cloud vortex predominantly made up of cumulus clouds.
" Somewhere the cumulus clouds were covered with a film of elrrus clouda which
‘are the -merging. tops of the cumulonimbus clouds.. Attention was given tec the
“‘differences in the front and rear sactions of the low=cyclone cloud spiral. :
‘Under the conditions of a positive vater—air temperature difference (l-3 deurees)

“which was observed in the front section of ‘the cyclone, stratocumulus clouds’

. arose in the forn of polygonal cells, In the rear of the cyclons a small cu=
nulus- cloud was obaerved, In the photographs the unquiet nature of the clouds .
are clearly exhdblted indicating the stormy developnent of the convective pro-
cesses in the cyclone. Thils is a distinguishing feature of the lof-latitude

P, A

cyclone. N\
o - The dimensions of the parts of the wmesoscale cleoud formations are such _ﬂ;‘)'g%f
o that they cannot always be recorded by the camera of meteorological satellites = 4
on the strength of the small resolution. At the same time, the extent of the - T
- mesoscale systewms is tensand hundreds of kilometers on the basis of which they o
-;f ‘cannot be ‘encompassed by an aerisl photograph. These cloud formations refiact =~ 1 780F

“the dynamics of the lower part of the atmosphere in interaction with the
underlying surisce, From nanned spacecraft, as the exrerience in takin~s photo—
.+ " graphs from the Salyut station shows, the mesoscale phenomena are detected ,
i+ " especially clearly. For the planned photography in a series with overlap of
adjacent photorraphs insuring ster€escopic proceasing of them, 1t is possable '
to obtainhthe Bpatial atructure o the meaescale cloud formationa.},u;,é '

"The: meteorological analysis of the photograpﬁs of the’ e10ud formations
al_“*is bnly ‘one of “hte wany meteorologlcal-problems on the level of investigating
the atwosphere from space. Later, the means of observation from onboard the
", orbital stations will; of course, be expanded and -improved. ~ The practical - .
value of performing such operations:-is difficult to overestimatae.” There is'not ™ -
. .one. branch of the national economy ‘or sclence which to one degree or another

e vy

_ lOcclusiou da merging of the cold and warnm fronts of sir 1n the vicin— SR
ity of a cycloue. RO . ‘
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- would not feed knowledge of the exact laws of the development of the ptoceBSes
: OCCurring in the atumosphere and hydrosphere of the Earth,

"~ Geographic Interpretation of the Space Photographs and Anai}éis of the ﬁhtﬁréﬁzr-‘
Environmentg :

" In seientific .and popular scientific forelgn and Soviet publications
scientific and practical effectiveness nf photograpiifng the Earch's surface
from spacecraft has been noted more than once, In particular, defined results -
were obtained on the basis of executing the program of photographing the o
,ﬁeological—geographic subjects of the Earth's surface from the Soyuz manned
spacecraft, The results of taking photographs from the Salyut manned orbital
-station were & further development of this program. They permitted comprehens— .. o
1‘f ‘ive analysis of the space photographs of different mcale, The smallest scale
B photographs (1;500,000) vere used to zccunulate scientific=procedural - experlence .
"”}w-ﬁ-»in the survey thematic geologic-geographic mapping. The photographs on a 1:2 ““,fiiﬁ
.g -nillion to 1:3 million scale are necessary to obtain the scientifiCmprocedural

e 'uexperience of the nean scale mapping and atudiea of the natural environment.

T - : LI

‘ Jn;"l-_ Scma of the researchera propose that tha smaller scale photngraphs vera

... = not effective for geological-geographic purposes., However, an attentive analy- .

~{i0- "g4s of the photographs made during the flight of the Salyut orbital station on "1f

© .. & 1:7 million to 1:8 million scale wefute this cpinion. First, such photographs - *

‘can be used to fix the shorteterm in seasonal phenomena which reguire simultan—

~eous capture of broad territories. For example; such is one state or another

-of the snow cover, the river floods, the oc¢currence and propagation of dust

storms; the state of the vegetation of the plant cover, and so on. Secondly,

- these photographs offer the possibility of checking and mnore precisely define
1ng the boundaries of a number of broad and permonent natural phenomena developed

- in large territories, for example, the boundaries of the physical-geographic .

. zoneg and large natural regions, the principda types of soil-plant cover, the = "7~

”” . morphologlcal atructures and, and in terms of them, the geographic atructures,

- the 1arga tectonic linaments, and 80 oD,
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g An analysis of tha small—scale photographa of plains and humﬁocky desertsi )
permita isolation of the types of terrain on the dry land the bodies of water
. 'g. by the differences in tone of the image, configuration of the tonal geparations, .. |
7., their atructures caused by the physionomic features of the landscape, The lakes -+ |
7 and lacustrine plains are recognized by the soft iridescence of tome of the
-watex surface from light, but spotty, to dark and the sharp image of the shoreao
;g 1f on the photographs the sharp variattons in tone of the image of the body of ~
";f water are almost not visible, this indicates thé great terbidity of the lake:s
water at the time of takiag the photographs. In the river mouths, siarp out— By
. lines of the underwater sandbars are outlined {n cases of great traneparency : fi
. of the lake water and low turbidity of the river waters : .

PO - H - “"‘i Traxts A

aye o m T The ulluvial and delta plaina and va]leys of the permauent rivers differ
: sharply on the photographs both with respect to tonality and with resnect to
the figure. The modern valleys of permanent rivers are expressed by the dark—=
-7\ g8t tones with-a sharp outline and sinuocus figure caused by meandering of the
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. rivers. The total darkness of the outline is wholly connected with the seasonal
flooding of the flood plains and the increased moisture and density of the plant
_cover rtetained during the remaining seasons, P - .

T
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"The low degree of modern deltas of permanent rivers is recognized by the
‘ deeper tone and presence of stflatiw-sinucus—-spotty patterns caused by the ef-
fective currents in the lakes, The creation of sharply contrasting bodies of
-water with unflooded sections creates broad variation of background and it is

‘a clear indicatar for decoding» . . - o _ -

, Tha upper stage of the modern deltas of permanent rivers with a general
TR Iighter tone retains the same broken-striated pattern. The lightness of the .
tone is connected with significantly Yower water content of the territory
-flooded only at especially high floods,zthetsparseness of the vegetation and
:'the high degree of development of shallow sandy (extrascale) sections. The:
dark‘bagkgrcund of the channels and strenms indicate that they are flooded.

)

P L renad
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T e The flowing parts cf the deltae are read on the spaca photo?raphs by a s
characteristic combination of the striated figure of two gray tonalities with . = -5
“white streams, spots and points. The darker gray tone, judging by the clarity
~ of the figure, corresponds to. the maintained network of dry dead rivers; the = .
- light 'tone with more indistinct outlines afid boundaries indicates the less = - .-

. maintained interfluvial relief =of the delta and "silting" of it by the pro- -~ 7

-cesses of interlayering of the sand, and the light elements of the figure are R
'*; the clayey areas of the takyrs which have no vagetation. : e

i '. St

LW

A The area of low, rounded iaolated hillq and ita nroluvial inclined pluin

" are vrecognized on the fine-gcale pletures by the white branched erosion netwo*k
of dry vallevs of the overdrying temporary stresms conbined with the spotty
tone of tne watershedso .

Ly The white calor ‘of the dry valleys of the overdrying and temporary rivers
-. - _.and streams is caused by the gravel stripped of vegetation, the gypsum desert
.. .-, crust and the solonchaks [saline soils]. The deserty of this network which is
~comparative small in the presence of spptty tone of the interfluvial spaces in~ ,“
l,dicates the widespread nature of the denuded outcroppings of bedrock, -~ = . .5

i - The proluvial plain with the outcropping of rock shows up in the pictureq,w”@
Lot ?as spotty sections of outcrops of bedrock which are combined with segments of i@
. more sustained touality of the proluvial and deluvial plains. -

- . t

2 tiThe hummocky area, ‘the. hill country and low=mountain region are revealed
with respect to the dense erosion network, with respect to the large area of

©the spotty texture of the Image of outcrops of rock and by their tone. 4An in-

" cresse in the tonal density of the positive image indicates the transition from
~the desert subzone with plant life to the semidesert with demser plant

-+ 4.~ 1ife and to the dry steppe subzone with greater density of the unburned grass .-

. ‘cover. The low mountain region differs from the hummocky area and the hill S

- coLntry with respect to an increase in the outcrop areas. “ B

. Rl




?hese are examplea of reco?nition of rcorraphic objects which can be
directly read off the small-scale {survey) photographs, and thay do not Te=

quire additional ground studiee for their recognition, - PR

R The soil-botanical interpretation of thc small-scale apace photogrcphs
also permits more precise definition of the charvacteristic features of the
. natural environment, The differences In tonality and other decoding attributes,
. and with the data from the ground study of the terriin helps sufficiently com-
pletely to isolate the landscape components and the solleplant divisions,
Rocky deserts covered with sparse semi—bushy plants comprising 2 mosaic come

' bl
nation of #38% prush associations characteristic of the typical brown solls -

E. xand different types of other plant associations in the broundsclonetz {atruc—.z

”j_tural alkali soil], the bround detrital weakly developed solls and browm
~ 3solonchak ibalinel bOlls.arc distinguishcd.

The ﬁlaﬂtcover has no significant effect on the tone of thesaurfacc-
image. The rocky plages are depicted on the photographs in darlt grey. tones _
hlccorrespOnding to the outcrops of dark volcanic and sedlmentary rock.‘kéf )

A Tha comparatively sParae plant cover of thc sand also has no signifi-
cant effect on the image tone. In the regions of again winnowed plains cov-
-ered with sandy massifs, an even grey tone prevails which is 1ighter in the “j
‘ placea witn an abundance of 1ncoherent sand. '“3»2 I I T
'”"”f‘ﬁ" In the pictures in the valley regions of permanent réVcrs, dense woody-
bushy and grassy plent life prevails. It-is possible to distinguish the
willow-elaeagnus tugai, motley grass and reedpgrass asgociations in the weadow-
- solomchak solls, irrigated fields and laylands. The valleys are clearly dis-
- tingmished by the narrow weakly winding strips of uniform dark~grey color
with sharp boundaries. The tone of the image depends primarily on the presence
. withln the valleys of more or lese dense m013ture~10ving Vegetaciun.

T

n,)_,

: The analysis perfomméd indicates that both for open territories,

, " ghat is, for hummocky and hilly deserts and for "closed” quaternary deposits
oo of the destrt plahss, the small scale of base photographs bears very large
‘“and varied information. A still greater volume of information can be obtained

when.znterpreting the space photographs using the available ground ;nfoxmation.

2.

"54%.f¥,3,f*5 The method of geomorphologic interpretation with respect to small scale

""'space photographs permits in certain cases new data to be obtained on the
peculiarities of the structure and propagation of the refief. Thus, for

BN

S example, on one of the space photographs part of the lacustrine region is PN e
‘fﬁc ““recorded thc landscape of which is characterized by a combination of. medium :

and high hills, forested and unferested, sometimes with spots of snow on tha
- peaks and the intermontain depressions separating them within the 1limits of
... . which the steppes, sewldeserts and deserts have developed.In many of the
. latermontain depressions, lakes are encountered ~and in some of them there are_
»sandy massife with deflated sand e : D

’ ,‘-zzj_,.’"“”-'— . _1?_ e R AT PR —— am;,-u—k_;vr-;;,.‘ D et e ow ek

ﬁ* ~2=gnr-bot toma 06 tne depre531ons are usually a gently unuulatédg plain ,
R ‘ddadilp of alluvial-provlidvial deposits. The depressions are clearly differ-\’
entiated with resPect to the comparatively uniform gray tone of the image L




T i

. ., Becondly, new geographic data have been obtained and the previously known in- ,gm_
7777 formation has been more precisely determined (in particular by the space b ;

.~ cation of the space photographs improves the technology for compiling the small = - &

i

caused primarily by the nature of tliesvoll weakly masked by the vegetation
of the desert worswood-stipa steppes. The uniformity of theldandscape is
- destroyed by several lakes separated by very dark spots. The wiver valleys
_.are deplcted by narrow weakly twisting strips of dark gray tonme and a large
sandy magsif. On thewwhole the sand is weakly fastened by the plant cover,
and it is depicted on the photogmaphy by a light presx amiegray tone sharply
contrasting with the image of the surrounding silt and detrital plain.

An abalysis of the space photograph permitted the discovery of an en~
tire series of peculiarities of the morphology of the sandy massif, its macro- e
. structure and mesostructure. - The striated nature of the structure of the . - 7
* entire massif as a whodd cassed by ridged nature of the sand can be seen while
on the photograph. The rows are oriented In the same direction as the massif ,
‘as a whole. This orientation of the dunes and the massif is determtned by L e
the diractio1 of the prevailing winds. - o ‘ T

. - . ) - - B
— L Sy :

: By the photograph it was possible to deLermine the propagatiOﬁ of the
barkhana, the relief and the sizes of the barkhan chains. The reglon of o

propagation of the barkhan sand almost entirely free of plant 1ife is depicted ' ;;
on the photographs by the lightcst backgraund. : o

. On the photograph more than 10 narrow transversa. extended barkhan T -*Tég
. chains can be seen which are perpendicular to the direction of the large
"+ longitudinal sandy rigdes. This sand is significantly more fastened than the
. -Vegetation which causes a relatively darker tone of the image. The strips of
sand rising to the rocky surfaces of the mountain glopes are traced in the
form of narrow tOngues

Thus, as a result of analyzing the space photographs new data ware ob—
~ . tained on the peculiarities of the structure and propagatlon of the eelian

;;i_relief of the poorly studied sandy massif. TR
- The snall-scale space photographs can be successfully used for the :

. -new publication of the Soviet physical-geographic allas of the world. Its e ﬁ_

"7, compllation and publication wexe au important event in world geographic PR

sclence.

» - At this time the atlas needs rvevision. . First, during the peried ST
-“taking place since the completion of work on the Aalas, that is, in the last T
10 to 15 years, hnown wvarilation of the natural envizronment has accurred.

photographs) on the natural conditions in the territories which are difficult
of access and poorly studied. Thirdly, use of the space photegraphs signifi-
cantly improves the cartographic accuracy of the boundaries of many of the
natural formations and also the degree of their detall. Finally, the appli-

scale topical maps which make up part of the world atlat for which, for ex-
ample, the multiptep cartographic generatieation is replaced by direct recog-~ *
- nition of contours by photography. B TR TR LTS T PRI SRV RS A ) 1

T
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A comparison of the decoded space photographs with the corresponding
sections of the geomorphological maps from the physical-geographiec atlast of _ -
. the world demonstrated that the maps compiled by tlie space photographs can be
.distinguished by more precise outlines of the contours and significantly’ greater S
detail. :

By the medium~scale space photograab (about 1:3, OOO 000), highly d;-,

" tailed characteristics of tie structure of the relicf, the soil and plant

cover, the surface water and natural landscape can be obtained.
;-‘ﬁﬁgﬂﬁw‘;a Detailed paotograpbs from the Salyut orbital statiOn provide for stern,j”
© ' " eoscoplc recording of the forms of the relief with dismemberment of no less
’ than geveral tens of nmeters, that 1s, the nicro and maesoforns of the roliaef.
The forms of the relief not perceived as stereoscopically are reflected well
‘ot the fhotographs as a result of iddirect signs, for exanple, the distri-
bution of the vegetation.r P P G DT L TeFE L e

- By o T e e S [
ST T < L i-.;‘ PR t¥ ;. Tl TR, TeomF .-

: g The erosion dismemberment of the territory finds very good reflection
y::: in the photographs. The picture of the erosion network in the regions of the.
o © black Taiga appears quite clearly. The unforested bottoms of the valleys
PR ~and troughs are distingulshed apainst the dark background of the forest. Im ™ . x
e the foothills meadow-steppe and forested steppe regilons the erosion forms LT
“"H_ .are distinguished by the darker tone of the high-~grass meadows or the birch
<o groves by comparison with the lighter tone of the plaut groupings on the
. watersheds. The represeatation of the entire system of ercsion forms makes
the plctures valuable material for discovery of the density of dismemberment
of the terzitory which was deteruined up to now by the topographic maps
. where part of tue forms unavoidably are lost as a re5ult of generalization.

The elear depiletion of the forns of gullied erosion on the plhiotographs
chas: great practical sigulficance. The contours of the ravines are outlined Lo
by the configuration of the fields surrounding them and sometimes by the ~* °
. spica forests on their slopes. The brows of the slopes are well expressed.
... The separation of the old erosion forms of the ravines frowm the new ravines _
. tis possible. The new erosion cuts alOng the bottoms of the ravines.'and Azpim
* the apexes and mouths of these fOlﬂS are clearly recorded. o




L Tne stlucture of the river valleys is well reflccted in thc photographs e N
' in particular the floodplains of the rivers. The terraces eof tihe lowland
rivers are distinguished by indirect signs. The high terraces of the larpe
- mountain rivers are visible. The microforms of relief of the plains and
forested plateaus find especially good reflection -~ the 1 pstrine deprese-
~sions, the dead lake depressions, the sagged suffosion relief. The diswewbered
- sections of the low hummocky areas near the rivers are clearly distinguished.

- F - Y

PLUTEES U The forms of aeolian relief of sands in the trough of the ancient dis—’
. charge indicating the broad development and large variety of dune forms are

‘=f?f?hell‘visihle. This reflief is difficult to study in the field as ‘a. result of
'"the fact that the terrltorv is covered with pine forest.lzrﬁ

..... ) ”'—v. .

“medium scale space photographs turn out to be useful also for the execution of

*%;~‘;ﬂ such tasks as the correct drawing of the boundaries -of the foorhill, low
?:.' nountain, redium and high mountain regions inasmuch as in addition to the topo—
‘5. ~+ graphic maps they provide a complete map- of the nature of the dlsaemberment of
the territory. - ‘-uvfﬂ DL _-,g,w‘v;_ : Lt oo ; : '

[ y:s*'

The soil ‘cover of the phctographed territorv iﬂ well—reflected on the o
mediumnacale photograpie., The ployed :filelds are isolated through differentfa- .. |
tion in tone of the soll surfaces and in the condition of the planted fields,
Ia the sections which are unsuitable for plowing,  the indicagwr is the reiief
and natural vegetation, . .- - e o SR w -

. The good reflection of the salined soil in the pheotegraphs has great

;lprQCtical,significance. The sodonchaks with salt blooms on the surface have a .- ¢

““yhite tone on the photographs; the solunchak meadows are light gray, and the *
.-sclonets are gray. The possibility of isolating the saline Boils a&ong tne

R rfPlowed fields on the photographa is very important. :

..,- bl e Es

: In individua] cases, the variation of the nechunical conosition of the
_\_soils 1s well noticeable on the photographs. The massives of eroded, plowed 1_ ) )
'k and fallow fields which are characterized by a a finely striated texture of sub-{”_;?;
“latitudinal orlentation are decoded well. The centers of complete weathered - -
erosion of the soil are visible in the forﬁ of white GDOtS.
IR SO B e '-"Vt RIS
#ﬂw;w#"The vegetation is espccially nell»reflected on the photographs; “dnd’ 1t
15 an indicator of those components of the landscare such as soil and {n a
. numper of cases, relief., The steppe and meadow-steppe vepetation appears on . - Tig
the photographs primarily only in fields which are unguitable for plow1ng, i o
therefora, the possibility of distingulshing tnc zonal tvpes of grasses by the ’
. ;ixphotographs is somewhat complicated., - Sl ; B A A A

 However, the intrazonal variations connected with the characteristic
Qgeaturgs_of habitation are isolated very.well, This refers especlally to the . , .,°

B
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holophytic vegetation. The appearance arong the grass vegetation of brush
groups, for example, spirea along the troupghs and in the dry-steppe zone is
clear. The boundaries of the forest vegetation also stand out very clearly
. everywhere, This also pertains to the pinevoods or fir in the steppe zone and
.~i to tne mountain forests and the birch groves. Howdver, the distinction of
species inside butlines of the forest is not possible everywhere,

-‘;2:'ﬂ LIt is difficulc to distinguish, for example, pine and fir forests. In. .. . °
' Lhactly the same way, the sections of birch forests are not clearly isolated b
inside the strips of pine groves although the exchange of types of forest (in o
‘fnot only specles) connected with the variation in habitation conditions is ex— -
= hibited quite well. The clear represencation of clearings helps in the use of .
"_the photographs for logging, : : '

By the space photographs it is possible to trace the snow—ice complex ‘
1n the mountains. The study of the distribution laws of the unthawed snow
. permits us to judge its relative thickness. ' Snow drifts corresponding to the
_ direction of the gnow transfer can be seen well on the photographs, The dife . -,
- 'ferent types of snow formations are distinguished -~ bench, heaped, avalanche,.’

" Even small avalanche snow formations are distinguished, the type of which can‘;TifTig
- be judged by tne nature of the avalanches.‘ . '

T

el e Es R .. . e e s T

"'The ice massifs and indivxdual ?laciers are well recognized With a e i
1015 fold magnification, not only the outlines of the individual glaciers are. o
‘distinguighed but even the detalls of their sufface such as morainic ridges and
‘{fﬁ? zones which the nlaciers oncuniad in the receﬁt,p st during the so—called_fernau »
stape. ; oo ) . ST

.Yf*ﬁ?- B The space photugraphq can be used to conpile the ice naps of the ridnes,
Ina nuﬁbar of cases they perwit us to correct tha - . rect positien of the
- baundaries of the glacmers indiCated on the topegrspﬁic map._,;ﬁ{_ -

:environmant makes these photographs eSpecially valuable for all=around xnquti-v
gation of the mcdium. that ia, to study the uatural landscapes_*

,-~,.‘-, N B z,,_‘_ e LR
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) Geologicdl Iﬁtgrpraiationw;o?' paﬂ&; 1otorraphs;

-'aaa The requirements on the geological study of . the Eartb and the apecial I
“'geological mepping required for scientific forecasting of minerals are growing 3
- continuously, This causes the necessity both for more profound allearcund .
.. Yesearch and- the use of the methods of investigation which with relative cheap—;;

" igess permit summary data operatively to be obtained for the large regions in
" order to discover the best prospective sections for the statement for detailed
-operations, -Io a number of such techniques, the primary role belongs to the . %
use of the data from aerial photographs. The geological decoding of these R
materials permits an objective analysis of the available factual data,. tyiug s
" together of the scattered fraguents of the structures discover&d previOusly T e
B withln an area into an integral whole, - e L T




However, Lhe large amount of operating e\perience wlth respect to using
‘acrial photographic techniques has revealed some of the deficiencies. The .
“basic ones of these include the limited nature of the area encompagsed by the
photographs under uniform conditions of taking photegraphs, This essentially L
" lowers the possibilities of comparing and making a comparative analysils of the o
)  individugl regions. Even the use of the 9mallethsca1c aerial photographs can-

A not eliminate this deficiency. : o )

L ThL use of photographic materials from space is frae of thms defxcicncy ¥
ﬂ;%_g and insures that information will Le obtained on a qualitatively new level. _‘u, i
Taking photographa from space stations permits us to obtain a single image of . -

* the geological and geomorphological objects of reglonal and even global scale -
with a decrease in the number of variable natural and technical factors affecte
'ing the quality of tne phctogfdphs co a minimum. :: e

0

e

Yy

. In all cases the Qpace techniques are a means of obtaining inportant' -
kadditional information forcing the researcher nore objectively to evaluate the -
_gxxsting facts and providlng data for bew ideas playing an impcrtan: ro;e in .

: The reSults of decoding the photoﬂraphs received from the Salyut manned
;orbital station serve as a cleax illustration of the: effectivenesa of using
Lspace technzques for peological rcsearch._'lr: T con e

wheu doing the primary proceasing of the photographa, primary atteution

i_was given to discovering the regional structures and studying the iuterrelations

_among thems During the process of decoding, 2 series of new data were cbtained.
-A»,-'“on'tha geological structure of broad territories. A gignificant part of them

st tyere studied by orxbital photographs' in some cases, prospective photc?ranns vere

used

L As tha study of space photogr;phs has demonatrated faulta nnd segments
of development of Quatermary deposits are wmost clearly isolated on them, It :
iis possible to distinguish an eantire network of faults in tiie surface of the .- :
‘Farth: _from the- largest encompasaing entire geagraphic regions to relatively s
. small -~ones, < n v .,;7?-*:-V‘ £ LD T e BT

) Hhen studying the.sections of the Farth's: crust during the Quacernary
N period it {5 possible to isolate not only the clear regionz of thelr broad .
develcpment, but alsoc to determine the extent of these formations within thc '
- limits of individual, sometimes qiifte narrow valleys even in mountain regions,
In this case, the degree -of deteil is limited only to the resclution of, the ™ /5 "# %%
“camera and the size of the investigated object. Where there is bedrock it is L
more dlfficulL to decoue the nnotograpns.
R A?f ' It is POSBiblL to distinpuish the granite massifs relatively well on the
... .space photographs, In the reglons of development of gedementary formations, oE
"' yeually only the structural lines are {solated which euphasize the basic folded =~ *
. ,'structures. Im a number of cases annular gtructures have Lieen noted also, :
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The primary attributes on the .basis of which the geological study of

-, the space photographs has been made were the characteristic features of the.
. structure of the relief and also the nature of the photopraphic representation,
., Thus, for formations of the Quaternary period, usually a lighter stone is typi=- g
“cal, The granite massifs frequently forn uplifts and have a network of crakks,
They are distinguished by the characteristic picture of the photographic image.

. The basis for studying the surface faults is 1n the majority of cases

. the sharp contrasts with the contours differing with respect to configuration _

- and tone of the image reflecting the differences in composition of the rock, -

. The isolation of the ancient faults on the space photographs is possible as a o

‘ result of the fact that they are expressed by different lincar forms of relief: =<

elougated protrusions and deprevsions.

: According to the pﬁotographic data fron the Salyut orbital vtation, the '
o relation of the pecullarities of the photographs of the geological formations
#oi 59 to” the physical-geographic peculiarities of the terrain have been established,

.- 7" In the lowland regions with relativelysimple geological structure, not only - A

- have gections of development distinguished with respect to age and origin been A

. detected and the geological survey mapg more pracisely defined, but also very

. important, theoretically new material has been qobtained on the structurxe of

‘the beds at great dapth. e 4«f~’f¢-:.*§%; ol TR e #ﬂ”“j'ﬁ:fi“lfuﬂt

.-i". .

Tapdee TG The space photogrnphs pernitted isolation of the differences between T
D tha rock distinguished with respect to time and conditions of formation, . An
", especially large amount of interesting 1nformation has becn obtained on 4the'
age and conuitlons of developwent of roch.

On the photographs ftom apace, large ficlds of loose deposlts of different
origin are cleaxrly disting uished Very ianteresting information has been obtained
~on types of faults in the Earth's crust and especially on the categories which. - 3.

' the space photographs have not detected in practice by traditional methods. R
- These are individual zones of dislocations with e break in continuity which are S
~-hidden by a surface layer of soil, but: ‘were the resalt of the activity of deep ;

{layerg in recent timea. _“?~ ' R :

S EL i -
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In the plains and mountain repions with complex geological structure,
;the largest anmount of data when decoding the photographs was obtained on the' L
.}Loﬁ' “tectonic structure. S _—Tru:, o : njr SRS _ -;;-“f-' T T
s The decoding of the space photographs by the crew of the Salyut orbital.
'“«8tation permitted a survey map of the structural-geological atructure of a 't'ﬁTﬁ‘
~braad territory to be compiled. ° - ‘ ‘ . ) R

" "Along with the large faults on the apace vhotonraphs, faulted zones
- gaparating the. large fault systems into individual blocks are discovered, )
."7 These faults correspond on the gravitational fmaps to the zones of maximum e IR
" gradients of the gravitational field, and in the magnetic flelds they appear
" with respect to the displacemcnt or discontinuity of the mavnetic anoamly axes.'

,
:
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.;{**Aw & break in continuity within the limits of the depressions covered by the '_:#3:

L

”~f 1arge features of the relief on the firet lcvel along with the tectonic and
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.On the apace photopraphs 1t 1is possible also to see the details of the
folded structures which are revealed by the characteristic stripas, The granite
nasslfs are determined by their posicion in the relief and by the lipht tone of

-the photugrapic images s sk T T T S 2 UL

: The decoding -of the rock on the space photographs can have defined
'significance on isolation of the large repions of the lithologically uniform
-formations. The large fields of development of the cffusives are clearly de-
coded by the nature of the relief snd the dark tone of the image. The loosce
-Quaternary deposits are well-decoded. By the tonal differences and the con~
. figuration of the image among them it is possible to isolate the individual
large genetic types! alluvial deposits of larpe rivers, delta deposits and

: "When decoding the space photographa, the elements of the faultinh are”
;-most clearly revealed where it is possible to establish the presence of faults ' .7
= of different categories. The large zones of deep faults separating the principal .
‘structural units are well decoded. The decoding of the space photographs proved

t ‘u,ithat in a number of cases the direction of the faults vigible on them differs

somewhat from their configumations on the existing geologlcal survey maps. It
turned out to be intereating that during decoding the large dislocations with.

'powerful cap of Quaternary deposits turned out to be very interesting.

The areas of development of the Quaternnry deposity are well—vis*b e on

B the apace photographs, In the regions of development of these deposits 1t is

~ possible to separate varlous genetic types. It i3 poassible to distinguish the
- fornation of deltas, individual proluvial cones, alluvial plains and sections

“
Fevl

of the weathered sand, and 50 on. The troughs of the dried lakes arc distinesuished .

: well

'l’:

‘The Paleozoic and prepaleozcic formations are distinyuished son?what ' o
‘worse when decoding, However, in a number of cases 1t is possible to reveal
.pranite intrusions, especlally the youngest ones usually pertalning to the e
‘permian intrusive complex., . Thus, the space photographs are the source of a
large quantity of new geological data. Above all, this pertains to the dis-

 Junctive tectenics; the decoding dislocations with a break in continuity, the

-faulted and crest zones permit significant supplementing and correction of the :Lﬁﬁﬁ

" ‘geological naps, and this means a different interpretation of the structure of .
" the reﬁion aqu, probably,more purpo eful geological ezplorato«y wo.n,

TGeneral Evaluaticn of tﬁe Po@sibilitv of Using Space PhotOﬂraphs o Solve
" Seientific and Hational Economic Problerms

A comparison of the space phctopruphs wlth thc data of other investigaw
tions of the natral environment reveals new possibilities which photography |

':Lf_from space offerse. All of the new elements of the landscape are reflected on

the photopraphs. In a plains region, these are the mesoreclief, the drainahe
system and the soil-plant cover. In the low and medium wmountain regions, the

‘." . M - B




—f:%;; ycultural system, The forested shelter belts, the farm crops,.the clean falluwsg

« iR

.+ ‘plant zones, In the high mountains, the relief of the ridges, the intermontain -jﬁ

erosion dismenmberment of the territory and the alternation of vertical seoil-

faults, the large valleys emphasizing the breaks in the Rarth’s crust and the

- snow cover and glaciers are most clzarly expressed, The cloud wover, including. -~ "

v

above the mountains is well—reflected.

By using space photographs, the posaibility of simultaneously recording .fﬂ§

"~ the fast processes and phenomena occurring over large territories is obtalned,

"-‘ences in farming in the territory of individual and adminiqtrative-economic
,izunlts are well dist*nguishea. ;‘:*-_"...n._\:J_ B ._‘ T R

~_r.

+

: landsyénd evaluathg the possibilities of nechanized workiup of the fields.

" The agricultural subjects (especielly in the lowland steppe reglons of grain o
- agriculture) were brightly reflected on the photographs, By the photographs o
~:4t is possible to study the configuration of the farm lands caused by the e
‘ral and econonmic features and also to analyze the direction and specialization
..of the farms, In addition to the fields, the renalping lands are also visible =-. .
&,lnylands dn variOus stages ‘of overgrowth, feed lands, forests and unusable b
- filelds. It is possible to determine the type of crop rotation and the planted ;
“gﬂfields of various farn; crops,.:; e e, T o e

. . . -

tu~

Iney permit judgment of the system of using the ploughed fields and the agri-

perennial grasses in the crop rotarion and irrigation systems can be decoded on .
" them, The breaks in the fields planted to feed crops are visible, The diffexr~ PR

S e e

T Tﬁc different tone of the photopraphic image of the fields is connectad
“with differences not only in the crops but also in the conditicn of the fieclds. .
On the beais of this, it is possible to forecast the harvest of the apricultural
crops, the eperative times of performing agriétechnical measures and pest control
measures, ‘The problems of determining the phases of development of the plants =~ .23

o Fm
[ el

by the space photo"ranhs require especially careful study,  The sane thing also
pertains to the discovery of the weediness of the fields, plant discases, and
- 80-0on. An analysis of the morphologlcal elements of the forested landscapes |
and the types of forests connected with then permits a- basis for the forestry -
LIeaASuYEs, discovery and calculation of the areas of the forests most damaged

by fires, wind ercsion and other unfavoraeble effects, astablishment of the sec—

. tions requiring fastening of the sand, the primary forest plantings or thinning'y'.'
- of tha forest stand. An analysis of the intralandscape structure permits es-

tabli ament of an erficient type of Uuinb natural fecd lﬂnhuo_

- - o ENN . ,.,‘ s .;_ ny o r
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Thanks to’ the clear representatioh on’ the photographs of the drainare
notwork and the possibilities of more precisely defining the warershed areas

- o1 individual streams by them, thev present + material for selecting the . - .U.»

lpcaticns of reservolrs. By them it is pcsj%ble to make a preliminary source

"of the basic elements of the irrigation systems without expensive and prolonged

.-~ exploration. The photograpns. from space are also good material for compiling ,ff_?‘
nunerous hydrologic wmaps of the watershed basins, the density of the river
network, the winding nature of the rivers and as a source which the topograpﬁic
‘ maps oW BETVE, Vo hlpm ol T WL we S s e s el e s L
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In addition to using the photographs for practical work to study and
- .. map specific territories, the photography of broad expanses provides material

~ for the development of the typology of the macrn, neso and microstructure 2f _

“the soil cover, . - . .. . ... . . SR T N L L

- The apace photography 1nprovea the reliability of the availablc informa-~
. tion about the natural environment and, above all, the materials from the the-
matic napping of the Earth's surface, As the data from interpreting the space

. phatographs on a scale of 1:2 willien to T:3ifillichzhmvéudemonstrated, they

_ can be used to revise the geomorphological, geological, ‘hydrologic and other -

L maps on a scale of 111 million to 1: 5 millicnc R A S g
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o

The atudv of all of the above—e1unerated elements of the natural enviromn—
‘ment and-human activity has enormous national economic significarnce. The me=" -
fteorological weather forecasting from a study of the cloud gystems, the explora-
‘tion for minerals provided by geological mapping and the study of discontinuities..
“'and faulting of the Earth's crust, the evaluation of the conditions of the con—, .
3. struction and agricultural use of lands as a result of studying the relief and ° ‘133
;ierosion grocesses, the evaluation of the productivity of the soil, the state * - 7
<" of the forests, the hydraulic resources, the study and forecaating of various | .
*'. dangerous phenomena (for example, the snow avalanches and mud flows) — this 13 &

"8 far from complete 1list of the econonically important problems directly based - K

‘on studying tha natural characteristics by interpretation of then from space . ;'f{ﬁ
Photozraphs-_ - L LT ‘ Lo

‘ In urder to solve many of the economic prnblems, at the present tine it
- 1s becoming necessary simultaneously to serve an entire administrative rayons, L
. oblasts and large economic regions. The space survey glves exceptionally -
valuable material for studying the effect of the natural enviromment on the
economic activity of wman and the inverse process == the consequences of the
- .v.effect of human activity on changing the natural environment. Ihe utilization -
% g‘of ‘these possibilities is especially valuable under the conditions of planned
development of the. national econony of ‘the USSRa -

&

§‘§pectra1 Photometric Heasurements of the Earth frou Space in order to Study the
“"Hatural Envirenment

'f~J-‘ L Significant information about the Earth's atmosphere and vaxious"typeﬂ—
‘of underlying surface can be obtained from space by means of varlous optical
spectral methods of investigation and visual observations by the cosmonauts.

- -i: The significance of the visual observations arises primarily from the fact. . ',

*ﬁﬁéﬁ* that by using such improved optical instruments as the human eye it 1is possible

) ~ to determine the brightness and color of the varlous underlying surfaces and

., atnosphere, to detect objects and determine the visibility in space, to observe - -

"'wartous atmospheric phenomena, for example, thunderstorms and livhtnlng and

‘to determine the brightness of the stars, wmoon and planets and to trace the
mavement of cyclones, storms and clouds, -0 el Pan iAo Ted

At the pregent time, hroad data have been accumulated for the astudy of
©w. .our planet.from space although the observations of many stmospheric phenomena = 070
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are to a known degree of a random nature. With an increase in the time
- - perlods spent by the cosmonauts in orbit, the visual observations of the Earth L,
". will become more and more purposeful, : : ‘ -

" For a number ofuyéaéé;'Soviéé and American astronzuts have made visual
- observaticns, and they have reoceived black and white and coler phetographs of
.- the day and twilight horizons, the Larth's surface, the cloud distribution, and

L

-t Simultaneously with this, spectrel measurements have been taken of the :
.. rbrightness of the Earth's atmosphere and underlying surxface based on utilizing T A
<:>* speclal apectraphotometric apparatus, They have sipgnificantly expanded the e
possibilities of simple photography of the Earth from space and have perniteed
:=.objective evaluation of the relisbility of the visual data of the cosmonauts,.
7. On the Salyut orbital rwanned station., the purposeful and systematic study of
- ... the Earth's surface and atmosphere have been organized by a speclal program .

% "“which has provided for the:.solution of the following basic problema: .

S0 " Spectraphotometrie measurements of the sun and the twilight halo of the L
- "Earth's atmosphere on the varfous conditions of illumination, angles of view- = -
. ing and different locations of the observer in space in order to investigate . T . .

.»7n. the brightness pilcture of the halo and to study the vertical aerosol structure - &
o+ 5 Of the atmosphere; .- Tt o T oo, e o D Py

v~ Spectral photometric measurements of various natural formations in order -

='“5“"‘7'i‘.o_t.ﬂ:v.xdyr the possibilities of recognizing them:

- .- Iuplementation of a complex program of pround and aiveraft optical
studies of the atmosphere and natural formations under the satellite in order
to obtain data characterizing the spectral transuission function of the atmose

.- ... Phere, the spectra and spectral contrasts of the natural formations as a fune~ .. flxi
7L . tion of the basic -optical paramcters of the atmosphere and the underlying sur- = -~
. face. . - e JO - SRR : . . Y

EERECN

%75 The synchronous experiment under the satellite has also pursued rhe . -
goal of obtaining a set of radiation characteristics of natural formations in
various spectral regions (fron the wisible to the microwave region of the - .
.t spectrum) inasmuch as the use of such data is important for studying the vari- . - %,
=+ V"7 ability of the field of reflected solar radiatfon and also the natural radia=
' tion of the Earth as a function of the geological~geopraphic features of the
atural formations, = .. oot v L T N -

"
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. **"The'spectraphotometric studies of the Earth's surface from the Salyut ‘

. -~ orbital station have been made by the cosmonauts by means of .a manual specto- : ;yi

~_graphe. ‘ ' ‘ |

%"3fyﬁth‘§; The light flux was fTécarded wn:thdephotographictfitm-bEzthe specto- © . * 7 .

' praph sensitive in the ranpe of 400-700 nm., In front of the slit of the in— . E
strument there was successively an entrance objective lens, a shutter and a

‘- s> 1ight dividing prism which refracts a great part (95 percent) of the light flux .7
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passing turough the objective and the shutter at a right angle and dircets
it toward the entrance slit aperture of the spectrogrash. A smaller part
A of the light flux (about 5 percent) goes directly through a light dividing
.0 Prism to the photograpinic film.. Thus, the entrance objective of the in-~ . .- .. “oi
~ strument sinultaneously gives an image of the photographically measured ‘
territory in the puoto gridding channel an& in the plane of the eutrance .
aperture of C1e speLtrogrﬂpH. ' , o Co T
The kincmatics of the instrument provide for (on pressing the trigger
of the shutter recess) changing of the neutral filters which subsequently
;3;, .are’ introduced behind the slit of the spectrograph and winding of the film.
" " The shutter iz thrown on pushing the trigper. Images of two and even more
types of underlying surfaces can reach thz slit of the instrument simul- _
" taneously, the reflection spectra of which are recorded on the photographlc 5“"‘
film at the time of response of the shutter. The time of taking the photo-
graph is fixed on the film by means of brief. illumination of the clock dial.
'The center of the crosshairs of the i{nstrument viewer coimecides hith the -
.center of the slit; -therefore, the instrument can aim the slit of the instruu'r
ment can aim the slit of the instrument at the nmost interestlnr parts of "
the underlyin" surface or at the boanuarf between two types of Lt.

- ,_—a,‘

Py

. The' picture obtaiuad on the spectrog raph contalns the’ following a0

i 'formation. In the upper part of the frame there is a picture of the territory )

.2 by which the segment of the underlying surface isolated by the instrument Lo
-8lit L8 determined; im tne center there 1s a photograph of the clock d¢ial. e
Knowing tie time the plictograph is taken, tie orbital parametcrs of the coor- '
dinates of the point under the satellite, tue sun aliitude abova the horizon :

and the scale of the photograph A C . . T
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_ The synchrouous experiment under the sagellite with the participation . .
- of aircraft laboratoriles and ground research groups was performed .for the o
first time during the group flight of the Soyuz-6, Soyuz-7 and Soyuz-8 space-
craft in October 1969. During the £1lizht of the Salyut orbital station, two labo~
., ratory aireraft (I1-18 and An-2) were used for performing the synchronous experiment
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 under the satellite, The experimental program included the aireraft sounding
of the atmosphere in order to determine the transfor function of the atmosphere
and the underlying surface at the land-sea boundary. The aircraft took off at
- about noon and recorded the atmospheric characteristics at altitudes of 300, .
7 2000, 4000 and 7500 neters, In addition, the spectral albedo and spectral
brightness coefficlent of selected youtes (measurements at altitudes of 300 and -
- 8000 meterxs) were deternineds T . R . . o
CeL , The experinent with respect to spectographic neasurement of the underw C
. =-.. . lying surface from the Salyut station was performed on- 14 and 15 June 1971, In =~ %
. -,  the region performing the synchronous experiwent, the sun altitude was 10~12“;_[k?
"+ -nabove the horizon. Measurements were  taken simultaneously from onboard the -~ +
I1-18 aircraft, ‘ ' B ‘
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7~ By the measurements performed by the spectograph, the spectral briphtness
of different types of underlying surfaces were obtained, When determiniug them, '
:the ‘height of the sun from the horizon at the point under the gatellite found o
- by the time of taking the photograph and by the coordinates of this point which, .
_Ain turn, were determined by the orbital parameters was taken into. account, '
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- The spectral brightness coefficients obtained have good qualitative agree-
ument with the theoretically expected picture taking Into account the effect of N
: the transfer function of the . atmosphere., In the shortwave part of the spectrum, -
+; the spectral brightnes coefficients increased significantly by comparison with

- the values of the coefficients obtained duting ground measurements, This is s
 ‘especially noticesbie for the typess of surfaces which have a small reflection
-facter in the spectral range, In the longwave part of the spectruwm, the dife
ference in the apectral brightness coafficients measured on the level of the

Earth's surface and from space is small, The principle of recognizing the

_various types of underlylng surface during apectraphotometric measurements is

based on comparing the spectral brightness coafficlents for various wavelengths %

z'and discovering the relations characteristic of the given surface. - °

... . By comparison with the spectra obtained under ground conditions; the -

. results of the space spectraphotometric measurenents of the solls and denuda~ E7H
. tion of the rock have a less expressed spectral dependence, The general brisht- ‘
ness of the soil geological formations observed from apace inereases, This is _
~ especially noticeable in the blue-green part of the spectrum (with a wavelength '“g{éd
.~0f A = §50~500 nn) where the brightness of the atwospherfc haze increaseés the 77
' ‘spectral brightness by 10-15 percent and also in the nreen—oranpge part of the
e spectrum{h = 300-600 nm) where it is increased by 5-10 percents In some casea . .

~rthe spectral brightness increases aleo in -the red range with a wavelength of - -~
A > 600 mm. oo L. N | R

.o+ It was hiphly unexpected that the ecologic types of plants are clearly
. distinguished from space by the spectra in spite of the fact that the plant
.. .. . 8pectra obtained from space are significantly distorted by comparison with the.
..° ground gpectra, The expressed nature of the "green" brightness peak drops
5 sharply. This is explained by the superposition of the brightness ¢f the at-
... ,mospherle haze which above a surface with more or less dense vegetation always_.
;i gives an-increasse in brightness for A = 400 hn by ebout 10-12 percent,
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‘The water surfaces spectra photometrically measured from space sive

higher values of the spectral brightness than the ones measured under ground
conditions., The qualitative characteristics of the spectra also vary. The

. .peak at A = 530 nm {5 not expressed. It iz entirely overlapped by the effect . . . .
T of atmospheric haze, the brightness of which at X < 500 nn increeses by 10=15

.. percent.

: The spectral brightness coefficients of the snow surfaces measured from

space by comparilson with the ground data have a less abgolute value in the red
.- zone of the spectrum, On the whole the coefficients measured from space ave - -

" opproximitely 20 percent lower than those obtained under ground conditionss - .,
~" -Thelr noticeable decrease in the space spectra at A = 6 nm {3 obviously ex= .7
plained by the presence of discontinuities i the clouds and tho efiect of thc L
‘;light-shadouv atructure of the cloud fiald surface.f,;n;,- A

JE e . ,, . et < o ~ T

E o Experiments performed durlng fligh:a of the Soyuz spacecraft and tne ;o
LR Salyut orbital station convincingly demonstrate that the spectral ?inveqtigations

" i .+ of the brightness field of the Earth can be an effective means of studying the -
iV:. “natural environment and natural resouvces from space, ' The primary prospects for .

AR “the solution of these problems connected with using automated equipment and
'f} ‘complicated devices requiréng constant monitoring on the part of a human are.

;Vimplemented best of all onhonrd the manned orbital station.‘ R s

Tt -
- -

A
e B -

T - The broad possibilities for remote soundinp cf thg nagural environwent B
- by means of special spectraphotometric equipment installed onboard the orbital. . .
stations permit the hope that in the near future it will be possible effectively -
_to solve the most varled problems beginning with the determination of the high~
“altitude behavier of the aerosol scattering coefficient and ending with mapping
the entire Barth for a very short time interval. During remote study of the
natural enviromsient frowm cuter space, many urgent problems having sisnificance
;;.i o the economic activity of wan, will he solved on thc scales of nations and _
h »»f continentg.. T Hv R S -..;‘ -_‘§< f_ coee TR e e e YT Tl e DA

v e - . ),"‘A_,A

_g“;;l;;; - The directional and systematic study of the Earth's problems £rom.space—.
wr “'craft has still only jugcrbegun, - In order that the. prospecta for using the~
-« 7 gpacde methods of studying the natural environment becorme a reality, it is

- necegsary to have a broad conplex of ?round aircraft and space PVperinantq.

1hst1ny the Station Equipncnt and Control Systems

o During the process of scientific~technical experiments on the Salyut
“Forbital gtation, individual instruments, equipment and-station control*systems
‘were checked in order to rerform more complicated proprams and studies ‘in the .
future, The conditious of the operation of maintenance of the instruments in . s
_outer space differ significantly from the conditions of the operation and
maintenance of ground equipment. Therefore, it is very important to hhem the
-+.operating peculiarities of the equipment in space in order not to permit digs— .- ik
" tortions of the results of the scientific experiments, The work of the in- ' N
strunents under space conditions is affected by the special thermal conditions,
7 -welphtlessness, deep vacuum, and.the effect of radiation and 1ighi noises, -

T e § Tl st LR e

VAl Ee

C P R 3 -, i . - - A S TR A L B R
Cleen B . PN St PO K e T Ly Sk S el T ey

s~ 86~ -
- . -r- e PR .‘_,.:‘ . -l

L T O T - {



: - E o = o A o -
O A - a2 .
PR SN Bt . -
= . 3 ¥ —— s .
2 o Voo 0 e
- " = g E el . P
" A ¥ on b N - I A Frl a7 e E) .

The technical experimentation program using the Salvut station provided
for the study of the state and quality of the ports, determination of the
.. visibility conditions and corditions of recognizing staxs both on the “day" - . .. v
" and on the "night" parts of the orbit; determinatien of the level of the light
- noise by the method of visual observation by the cosmonauts and using automated
lnstrurents, the processing and further improvement of the instruments aud
- methods of controlling spacecraft during orbital and inertial orientation of
v, the station; the study of more exact characteristics of the optical and gyro=:
. = 8coplc instruments and also determination of the station deformation and the .

;:.3 ‘de;pning of the equipment in flight, .- . N 0 i

Inveastigation of Pores

-
3¥,

=i  The”ports of the spacecraft provide normal temperature and atmospherie & -

conditions in the living and instrument compartmente.  Almost zll of the‘visualﬂi_gjzg
'studies -and photography of the outer space are done through the ports,  In -
,Some cases' aleo very thin spectrometric studles are g, through the ports. -

It is obvious that any unrecorded change in the state of the ports can lead to

o ¥% the reception of falge information as a result of_distortiqn_qf_thg.pictu;g
.+« ~ -observed Whrough ‘the port. - . .. ... Lo e oaent o N
e O L T e B g TR T L R SUUE

.- PP In £light the port can become dirty as a result of condensation of war- -

" {ous materials on its inside and outgide surfaces, Some change in the state of

. . the surface of the ports is possible alsc as a result of the effect of the re-

1717, sidual atmosphere, erosion, and 80 on.. - . . '

Y It must be noted that the thinnist film of material on the surface of the

" surface of the port sharply worsens its characteristics. Thus, for example, for

a number of agtrophysical observations, distortions of the surface of the zlasa

«0f no more than a quarter of a wavelength of the instant light are admissible, ;2;&2@

- 574% Therefore, the application of a material with a thickness of 0.1 nicrons ig ine- - ¢
.o admissible, . Thus, with a port diameter of 250 mm, the distributed mass of the - -

.~ wmaterial incident on the surface of the glass must not exceed 5 mg. :

e ¥ The quality of the ports has espectfally great sipnificance vhen observing
. - weak radiation sources. In the given case, the contaniration of the ports is X
- .y¢- dangerous net only becsuse the energy losges increase but also ag a result of - '
¥ 7% scattering of the light from more powerful ‘sources, The significant contamina= -
‘ - tion of the surface of the ports of spacecraft ° geeyrs . under the effect of »
~ 8 poverful radiation source such as the BURg oot at T e 3 el g
N R e AR R KRR e s ST DR CE
: "It is known, for example, that for a defined background brichtness it 48 =

. impossible to observe stars with the naked eye with a brilliance weaker than I
T +4,00 stellar magnitudes used for orientation. However, the creation of 4 port
which does nor introduce Spuriousillumination and rctaing 1its characteristics

.. ..-uader the conditions of space flight is a complex engineering problem, If it '-”f;3§ ?
P77 18 necessary frequently to be progected from the solar radiation by meang of
-+ special blinds, covers and such devices, or protection from the Earth's radi-

_ ..- ation during orbital flights it is significantly more difffcult as a result of . . %

" the large angular dimensions and the necessity for viewing a number of weak . R
-~ sources of radiation directly near the Farth's horizon., - S \ S e
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Under ground conditions, the ports are subject to a large cycle of tests; -
however, the correctmess of the calculations and the measures taken with respect :
to maintaining the port characteristice under the conditions of space flight as

. a result of an cnormous number of active factors can only be confirmed by a '
direct experiment. The series of such experiments was carried out on the Salyut
station, DPlermanent monitoring of the condition of the port surfaces was carried

= out, the scattering coe ients of the individual gurfaces were determined by
rieans of speclal radiator&f a study was made of the dependence of the state cof
the ports on their position with respect to the possible sources of contamina=- L
:tion, the effect of the thermal regime on the optical surfaces was checked, the . .-
nature of the formation of the contamination in the form of deposits, 1ndiv1d- T
ual partieles, drops, and so on was checked, The dimensions of the cavities

s 0ceurring duripg the impact of micrometeorites on the outside surfaces of the:

+ port glass were recoxded, the effect of the thermal conditions on the glass .=~ :

surfaces and on the accuracy characteristics of the ports uaing a special measure- %

'*ment cycle was determined. N .ﬁ = ?jf; S ~aﬁ4“ -

Eo el . A

e

: In order to determine the errors introduced by the ports, a comparison &; :
- was made between the values of the engular distances measured through the -

- ports by a precision navigation instrument between the heavenly bodies with . -
" _known (tabulated) spacing. By this method it is possible to determine the SRy
- errors of the ports in different cross sections with an accuracy to units of F
l;angular seconds. .f_@;33,_A.;a,..;~-__ YL LI U - Dot T E A
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The observations made by the cosmonauts during flight and the control
photo"raphs nade by them in flipht bagically confirmed the effectiveness of
the adopted measures with respect to insuring atability of the port character=
iaticsa ' _

: Study of the Conditiuns of Visibility and Recagnition of Stars

R ' Inrorder to realize hirh~precision three-axlal orientation of a space
.,ship in space during aiming of the rescarch apparatus, for example, telescopes,

~-at given sections of the stellar sky it is conven1Ent to use individual stars.

and groups of gtars a3 the reference points. CRAT e ; Loa
“g«i:wr" The executiou of auch methods of orienLatxon with the participation of e
'*d“ﬁf'~astronauta requires preliminary determination of the conditions for which quite- ¢ -

reliable observation and recognition of the stars are possible, ilere, 1t 15
_necessary to study the effect of the conditions of gilluminaticn of the ice~ = -
:3 27 caps by ‘the sun, the brightness of -the outer and inner 1ight sources, the ~~ T+ -7
.+'. dimensions of the field of view during recognition of stars, the character=
Istics of the instrument equipment, the level of lightrintdrferencesfron.the
. -~ . apacecraft engines and so on., The psychological state of the cosmonaut dure
Ll - 4dng flight and the level of his training in Btellar recognition also has

D grear. aipnificance. A k:‘q;-:*#r-u.—-'-u:.'.é_ T T AT I LN s

" The cosmonauts G. T, ﬁébrcvolski?, V. H"Volkov and V, I, Patsayev
. performed a number of experiments and observations with respect to recognition . - .:.;
~“of stars both in the both in the Earth's shadow and under the conditions of ‘

- Lo 3,
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31lunination of the station by the sun. The stars were obseryved through the o
_' pnrt protected at this time from direct golaxr radiation.

P .- LT B

- Iu certain experinents the cosmonauts could use stellar maps for recog= -

‘nition and an onboard stellar globe' in other expariments the rocognicion was
exclusively by memory. R o -

- - 4, AT
[ . - " " . s R

i .+ © | The experimental results obtained confirmed the possibility of observe . |
“.'ﬂmn ing the stars by the naked eye and recognition of them under “daylight condi- .- | '

--tiens,” . The cosmonauts positively observed the constellatiomaiinzthe™'day™ o THE
part of the orbit of the station.

T .o . - B N

L L¥ The observations of thélrééégniiédhééars under “night". conditfons con~ . . i
;firmed the high resolution and threahhold 3enuitiv1ty of the visual upparatus.

e .-n' 2 e
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o The experiments performed permit more precise definition of the require~ f
ments on the characteristics of the visual optical -instruments and iuprovement - .

' of the methods of maintaining preciaicn orlentation regimes Df? the manned
: spacecraft._ o : , . :

Thetstpdy of: 1lght:noise accumpanyinp the flight of a Spacccraft has A
“been’ glven a great deal of attentlon in connection with the fact that this

noise camoufliages the raference points pelected for orlentation or in a number

‘0f cases they can simulate them., It is natural that this can cause disturbe

ances In the ocperation of the spacecraft contyol systems or diatort the zscien~
tific information.

- During the flight of ‘the Salyut station, iﬁs crew was charged ‘with o, :
taacing the light phenomena arising in the vicinity of the station, The cosmo= :
' mnauts visually deteruined the level of the distributed aillipseudopoint light '
=:-f-interference. They performed an analysis of the wvariation of the number de-
”fﬁending on’ the operating conditions of the station systems, -+

-',pv«-..‘ DRI 2

-5 The mission of the cosnonauts also inclnded determination of the angular . .
-.and.11inear rates of displacement of the individual particles, recording their... i
trajectories, recording and analyzinp the relative brightness, color and ' -

.“: .

+- e A g, w0 5
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The-cosmonauts compared the light engineering characteristics of the )
particles under cenditions of illumination of the station by the sun and also
in the twilight zone and when flying in the Earth's shadow, ' : LA

.éfg' The cosmonauts'® cobservations essentially filled out the information on
he light interference near the station. The visual observations by the cosmo-

- nauts were supplemented by measurements of the level of light interference
_,‘_ _uslng a photometer., This complex experiment permits evaluation of the measure=..
s “ments.. and observation in the absolute system of units.  As & result of the “?'3*”fﬁ3’
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studies made it was possible to establish: hothﬁthe maximum level of light noise
for the given type of station and the operating conditions of the station when
"“;his noise was in practive was absent

LS
- L . ; . . o T

L -,ﬁ«-:u._},_‘-,‘.'w ool . FEERT . .
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The information obtalned by the first testers of the station on the
light interference will permit not only definite improvementi in the onboard
requipment operating with respect to sources of Iow=density radiation but also
o the development of recommendations for selecting the time and the method of
.., walntaiuing the ovientation regimes of the station when performdng scientific o
. experimants on subsequent manned orbital stations.

-

; . e .;_‘

The Develovment of Instruneﬂtq and HEthods of Contrc?lin" the %nacooraft

.- : The appearance of a new 1nsnrument 1n the composition of a spacecraft

. syatemAis preceded by a long cycle of terrestrial development. The ground

‘" developnent includes testing the fitness of the apparatus with the maximum

- pessible approzimation to the spaceflight conditions, However, the most comw -~
.=~ plete check atill can be done only-orboardothesspadecraft under real flight’
.77 -‘conditions. When testinp the apparatus on unmanned spacecraft in the automated
.-~ mode, the research is performed by a rigid time program and it is #n the najor=
s»x00- 4ty of cases impoasible to change it during the process of the flight, = There~ .
. fore, it is. very important to perform the flight tests of the experimental

-'*1}} apparatus on the manned spacecraft when the test engineers are operating with
it..a e : o

¥

_ The'aparticipation of cosmonaut in the testing of new instruments as
~‘the person conducting the experiment permits an increase in quality of this
test, the study of various aspects of the operation of the apparatus and, when

necessary, Llexible variatlon of the experinental programn without increaslng the
time allotted to it. .

?r..‘
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_.~"fA E The telemetric information on the operatlon of the instruuent and the
. {visual observations of the cosmonauts provide the basis for evaluating the
_fitness of the apparatus of the spacecraft system.. The parformance of the
“flight tests is especially important for various instruments of the cosmic

orientation system using the sun aud stars.

"

L

* ,, Tha most interesting test is the test of the orientation of the 1ustru— &
_ ments with respect to the stars and aiming the solar sensors at the sun as the -
- reference point presents no difficulty. .. The crew of the Salyut station tested ..
T aeveral methods of aiming the stellar orientation instruments at the glven - " -ilE3g

refe:ence peint. This experimeat along with the basic control instruments in-
clvded the following scientiflc apparatus: the tested stellar sensox, the con=
trol panel with indicators and displays for monitoring the operation of the

"~ gtellar sensor, a visual sighting device, the reckoning grid of which is para1~
RN 131 to the optical axis of the stellar sensor. :\“»sw '

] N R
Depending on the preliﬂinary conditions of orientation of the statiom
+¢.. in @pace by the.cosmonauts of the orbital station, 6aE-¥@fd¥tn of the exit to. L el
E the desired reference point was selected. These versions provided the l )
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. possibility of detection, recognition and aiming of the tested instrument on
. “the glven star for various orientation conditions: ‘during rotation of the o
" .station around the axis directed toward the sun, during orbital orientation = . 7
"of the station or during arbitrary positioning of its axes in space, Each ’
. version liad its range of application, Thus, for example, the search for the
- star during rotation of the station around the axis aimed toward the sun per-
witted sufficlently reliable recopnition of the star and aiming of the tested
~» . instrument on it during daytime conditions for significant light interference
':-"5 . levels. - o e P Ll T "\' : A‘.; . ! - o
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L IEW LS The results obtained by the station crew when testing the apparatus
can be successfully used both for autcmated eptical orientation instruments of -

- any type -~ stellar, planetary and solar sensors of the control system of any -~
‘apacecraft <~ and for sighting the scientific equipnent = telescopes, spectro-
u3qgters‘qnd_jao_on =~ on the measured subject. & . e T S

R

5

.7 DN the Salyut station, the .crew performed tests in space and on new Lo
: Instruments designed for manual.orbital and inertial orieuntation of the space=. [ %
©"eraft, ' The complication of the spacecraft control problem requires further . . .
: .qfﬂincregse in accuracy of orientation and optimization of the search repines :
w7 .-3and an increase in the instrument reliability. However, the accuracy of the
L7 orbital orientation of the spacecraft from the ground is limited te such ob-
. jective factors as the atmosphere, cloud formations at different altitudes, _
ow. . the nongpherical nature of the Earth, and so on,- S .:‘  T o

e  Therefore, during flight the cosmonauts perforued comparative tests of - _—
", the orbital orientation instruments in order to determine their instrument - I
accuracy and convenicnce in operation. Here, the data from visual orbital ‘
. orientation of the station using optical instruments with different pewer and
o~ o fleld of view, with different flight cngineering characteristics were compared - ..

= with the readings of the automated instruments for orbital orientation,

. . &~ .The cosmonauts G, T,-Dobrovolgkly, V. N, Volkov and V, I, Patsayev noted ...
-the: great possibilities of the wide~anple viewer. for both otbital and inertial - _

" “ortentation, This lustrument is espoeially convenient when performing various
~ maneuvers of the station with respect to the direction of the sun,

- -

wE. ¥ The ‘pracision visual instrument for constructing the local vertical
- using the differential method of determining the mismatch angle also received
.a positive evaluation from the, crew. In the opinion of the cosmonauts,: the. - -

“*%ﬁv43instrﬁmEnﬁipermit;fah incregseAin'thg'orbitél orientation accuracy by several
T pimes. o~ o s - peoe . o :
-, In flight, the station testers developed an Instrument for visual erien~ - . z

. tation of the spacecraft on proups of stars with high accuracy. llere, during o
-7 .- the process of the experiment it was necessary for the cosmonaut not only to =~ =" o=
© " recognize the stars and combine them with special marks in the fleld of view
"of the instrument but also to execute cemplex maneuvers with respect to optinmal
... control of the statfon on making the transition from one constellation to: . - )
[t 7.7 another, They compared excellently, The control units of the instrument o L
oo .f-___:::_,j:': R = i ; 2 L ~ ot ! — 91}‘-’-" s ST e ' L BN
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cuspencion pernitted objecti # the cvaluation of the accuracy and staoility of
the orientation maneuvers performed by the cosmonauta, o

when developing the method of navigational meaauremﬂnts onhoard the . o

e orbital astation, in addition to the high=precision . ~ cor the cosmonautsg
used a wedium accuracy class sextana, chever, thiéﬂghs fﬂé@dt did not receive -~

. the approval of the cosmonacts.‘v

o Study of thc AcCuracy of the Instrunents and Systens undey Flight Condie
“x tions Cme e

srdoe T N B B » S e ,\.__.—l_v

v -‘.. e ~r7'-.-- ‘Tu- 'i R S P T

ﬁfU»QQ s Onboard the station for the performanca of varioua regimea connected

' with the control of the orbital space station and also for the exccution of the
;1 ;g8clentifile and technical experiments, various precision instruments were in- v

‘.ﬁ

L oe T

‘s :stalled ~= optical and sterioscopic sensors, ‘telescopes, and 50 on. The-
- placement of these instruments on the station must be mutually .connected, that ST
-"is, the position of the sensitive elements of the instruments with respect to
. the station axes must be strictly Zofinedy,and the possible mismatch between - t

i;tha instrumenta nnder flight conditicns must not exceed the admiasible valuea. -

S The comp}.exity of matching conaiats in the fact chat the precision

‘apparatus is installed for operating convenience in different compartments of
. the station since the placement of the apparatus on a single power element does 5
Jﬁ . not seen possihle. 1 :f."g”;,.uru. -;, T -“_“‘t ..1,p'—::¢_f

.

'Ti?“\ff‘r " The fllght experiment anboard the Salvut station was carried out by the
follcwing scherwe: using the statlon orientation system, the seclar ond stellar -
sensors were aimed on the reference points == the sun andthe stars. One golar . -
~and stellar instrument each participated directly in controlling the nmotion of
. the station around the center of mass, The remaining instruments were included

. in the so-called telemetric regime when the information about the deviation of -

"o thelr sensitive axes from the direction of the sun and star uas ot used in the *

'u“‘control systen but only recorded for furthcr analysis. :

o After .some’ time sufficient for the transition to tha s:eady state orien-'
, ation ‘mode; the station control was transferred to the recording gyroscope,’

“and the solar and stellar sensors actively participating in orientation were
+.5- . -aleo converted to the telemetric mode. The screens of the viewing instruments

&,

,;ff? with represantations .0f the heavenly bodies were photographed synchronously,

. An analysis of the information received from the Salyut crew taking into
- 2y account the results of the preliminary ground measurements of the accuracy of - ¥
o the .optical instruments and the ordentation systemns permitted us to obtain in~-

strurents of the mismatch of individual instruments under flight couditions e e

under the effect of a number of factors of space flight on the station (vacuum, !

' weightlessuess, and so on) and also evaluation of the accuracy of the cptical ]

and gyroscopic :Lnstrun-enta during flight. P L L U SR S S ,,.»‘-‘?i

!

- .- E . .
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c ' "The reaults chbtained were-used not only to make several corrections to

. _;he“accuracy;of the iqst;unapts:during flight oglthe-ﬁirct_orb;tal station,
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They will have great significance also for subsequent flights of spacecraft,
~ The respults of the inflight experiment on the Salyut station will permit more
. precise definitiom of the dimensions - . the field of view of the individual -
. optical instrument and the radiation ﬁ%@tarna of the radio telescopes. All of -~
this will promote a significant increase in vellability of the instruments undert
ST space flight conditionse - -

N

T&SCiﬂP the Autonomous Navivation Systems

. i'The Salyut scientific station was equipped with an experimental autono=

“. ‘mous navigation system, By using this system the aosmonauts measured the . St ek
" poaition of the station in space relative to the sun, the Tarth and ground =~ ¢

~ reference pointa. All the rvequired calculaticns of the orbitai pardncters were

‘*:made on 8 special onhoard digital computer. ' '

s e By using the autonomous navigational system, the test engineer of the ;n@;ff?r
;;-f'_station V. I. Patsaye took some navigational measurements, He determined the ~ ..
"1 ' elements of the statign orbit and the data._for forecasting the movement, He ;~_1Ta;
3.,'» Prealeulated the required maneuvers and the orbital corrections. He determined
- the data for the control system by the orbital corrections and gathered bal- L
listic information - (the time of the beginninp and end of radio communications - v
Jow’ +with the Earth, the time of emergence = the shadow and going into it, the n
B times of intersection of the equ1tor, ﬁ&m;terminator, and s0 on).

SATe e LI P

.

- The- instrument conpasition of the naviwational system permitted auto—
) matic determination of the times at which the statlon entered the shadow and
. left it, measurement of the flight altitude of the station above the Earth's
- surface, determination of the angnlar spacings of the ground reference point
with respect to the local vertical, and caTculntlon of the angular asltitude of
the stars above tne Earth 8 horizons

C e L g Py 4«- S "_-_-r

- - - . - - . Lo . s 4.'2' ’
. : - e SR L ke : . A el

_ i me 1nformation from the reasuriug fnstrunents renched ‘the onboard - e
- digital computer on which the entire volume of necessary calculations was per- -
“_formed.ﬂ The navigatioaal measuzements included the following ragimes.

RN T TR

.
- -

Sun Eeriﬂe. The work in this regime did not require the special orien=-
) tation of the station. The measurements of the tires of sunrise and sunset e
_7;_qiwere automatically stored and processed on the onboard digital computer. Theae L e
" measurements permitted determination of the orbital period, the longitude of 'L"Tff'
~ the ascending node and the tice of its pagsape., In addition, by varying the

g2, perlod of events 1t was possible. to determine the dynamic state of the atmoge..
© @2 phere, and at the same cime, the rate of deseent of the station and the time

of 1its existence,

?ﬂf Altitude Reaire. In this rcgime, measurenents of the dynamic altitude

of the station above the Earth's surface were performed, During the neasure-
J ment process the station was oriented on the local vertical. - In order to - R
" eliminate error which could be caused by relief of the Earth, measurements

were taken over the ocean surface, DIy the altitude neasurements the dimensions
e and the form of the station orbit and also the time of passage through its - ...
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pericenter were determined. The altitude measurements over a prolonged period

of time pernit determination of the dynamic state of the atmosphere.

.. ..-Landmark Regime., 1In this regime a triaxzial orbital orientation of the e
station Zby the local vertical and by the heading) was vealized, the terrain S
was recognized in nature and the angular spacing between the local vertical and

_ the ground refcrence pointa with simultanecous measurement of altitude was _ :
carried out. The characteristic detalls of the parth's surface such as the A,
branching of rivers, small i{@lands and lakes and parts of the shore line were

. used as the ground landmarks, By these measurenents, generally speaking, all

., -of the orbital elements can be determined; however, in order to increase the’ CL

““acecuracy the dimensions and shape of the orbits are determined by the measure= S

- ments in the altitude repime and only the position of the plane of the orbit S

#:r s and the time of passage of the angle ave determined by the measurements in the

- ERET I
. LV R

" yeference polut regimes .. e T A RS PP S

- Wl

A -7 Spar Repime, In this reglme a sextant'was used to determine either the: -l

70 -angular spacing between the hoxlzon of the Rarth and the direction of the star T
‘T:pr the time of setting of the star behind the Larth's horizon was recorded.

‘The peasurements with recording of the times of getting of the stars are nore Ve

e ., exact and more convenient, but they require large expenditures of time since it -

%7 is necessary te wait for the time when the star approaches the horizon, Lol

- I

3f‘”ﬁ-f'?Thé'ﬁeasuteﬁenté in the star mode with a éuffigient numbef_of gtars and . .
= =~ favorsble arrangement of them permit determination of all elements of the orbit,

.. After the navigational measurewments were taken, test engincer V. L.
.. Patsayev solved the problem of defining the orbit by the algorithus egpecially
developed as applied to the indicated composition of the measurements and the
~mission of the orbital atation. The navigational algorithms had to provide the
+.. following: high speed, maximum automation of the solution, reliability and
*eFheise resistance, compactness, and maximum accuracy of solving the navigational

"1 7" problems.

>

: 1¢::;nThe'Histurbing'Eorceé,6céurriﬁg-asla’result'of the noncentral nature of .-
the Earth's gravitational field were taken into account in comstructing the T
. algorithms. Here only the first hammoaic of the gravitational disturbing po-
;g-hgﬁhteptial-was considered under the assumption that the atmoasphere affects only ‘
SN0 gizes and shape of the orbite In order to define the orbit of the Salyut ~ . :%
station by navigational measurements, an algorithm was constructed so that the ™

Y . complete problem of determining the movement could be divided into a number of

- S/ 3w geparate problems of smaller dimensionality. - This permitted an increase in = .
reliability and speed of the algorithms, When determining the orbital elementa, ~*

. . the method of accumulation of measurenent in special matrices was used. This

peraitted avoidance of the restrictions ¥mposed on a number of measurements by

1 P . . - . L .
N e P R . o R LI SN e e -

) . the ready~axis memory signs of the onboard digital computar. The statistical . '3
24w 4~ processing was carried out by the method of maximum simliarity.. '~ . o -“3
o . . ' . .o ) . o I oLt A I ""lT.E_ L _';;;
- © The movement of the orbital station was forecasted by finite formulas 5
”J@;.,,(without,numhrical integration of  the motilon control). , At the given point in )
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time, the elements of the orbit, the geographic coordinates of the station and
its altitude above the Earth'a surface were determined, ‘ N

.. The resulta obtained confirm the correctness of COnsttucting an_ autono-
“mous navigation system and indicate the proapectivencss of the davelopcd gy &=
teme New means of manual and automated control of the motion of spacecraft
ware tested In flight which have great significance for the planning and de«
aign of new spacecraft and orbital stations. 4 . )
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Study of High-Frequency Eacondary~Electrdn Discharée under Ionospherie
.Conditions

... .. By high-frequency secondary-electronic resonance discharge, the physical
' process is understood for which in a high-frequency electric field in a vacuun
an oscillating volumetric charge is excited between the electrodes which is
formed as a result of the secondary electron emission from the surface of the
" -electrodes, ) o . ) - g .

.-, - The results of the stud'=s performed in ground laboratories provided a

°. basis for assuming that this process is possible in high-frequency electrie

~+ fields created by the antennas of spacecraft. The occurrence of secondary
electronic discharge could have an effect on the reduction of the high~frequency

d;fg-s;powar_gnd worsening of the characteristics of the antenna systews.

e

L :rHowever; the impossibilfty of éuffiéiéﬁtly éomﬁléte sinulation in '

“vacuun chambers of the conditions of outer space and the effects created by . - a4

... the movement of the spacecraft did@* not permit the researchers to draw definite L

.+ .+ .conclusions regarding the existence of such a process under the conditdons of S
" . “actual flight in space on the basis of ground experiments. Therefore; on the 4
., Salyut station an experiment was set up for experivental detection and study .

" of  the phenomena of resonance discharge under natural conditions with simel--- .~ =L
. ‘taneous measurement of tie charged particle concentration in the ionosphere. .
..": The latter is necessary for more complete understanding of the results of in-

' vestigating the resonance discharge, and it is also of independent scientifie
and practical interest. For example, this has siguificance for the develop-
‘ment .of ion sensors for orientation systems and certain other instrumsnts.,

- . '
. The direct participation of the astronaut. in the experiment permitted

- the application of the apparatus and execution of.the research program de-
-~ -~ signed for his active, creative participation. ‘The apparatus pernits varia-
.. tion of the experimental conditiouns within broad‘limits and visual monitoring . = :. .
_of a number of parameters. . - L 'E; : o e TR

t e . o . . . - . - . v "y i )

7., . The astronaut can actively intervene ip the course of the experiment
~and chsnge the Tegimes as a Ffunction of the observed results. - < « L

. %
“. . The investigation of the resonance discharge on the Salyut orbital ,
““station was carried out by cosmonaut V. I. Patsayev. The apparatus for this .-
. experiment had three types of electrode systems. The forms of the electrodes

- were analogous to the forms of the antennas used on the spacecraft. The '
% electrode systems could be connected by a special switch to the controlled .. .. ...3
' attenuator regulating the level of the signals coming fgom the generator. A
. The generator shaped thie high-frequency pulses with a carrier freguency of
about 130 megahertz, a duration of threemmicroseconds and a recurrence rate of -

- 12.5 kilohertz. The pulse power of the generator waz about 300 watts. It .
”.:hulnr4could be regulated emoothly by the attenmsator within the limits of 0-13 g
. "decibels. The special sensors recorded values of the incident and reflected - *%

" power. A direct voltage could be applied to the electrodes from the source
the limits frowm -150 to +150 volts.
oo e e e Y ey
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In order to discover the distribution of the high-frequency fleld near
the electrodes and to comtrol the variation of the field on the occurreace of
discharge, a high-frequency: sonde was used -- a receiver with two small an-

. tenmas (a frome and a symmetric vibrator) 1nstalled on a rod which could be
‘deflected by different angles.

The ion concentration was measured by three spherical iom traps. One T
" of them was inatalled on the inclined rod, and the other two, on the hull of oo
the station in a stationary fashion. The potential of the external electrode

. of the trap was established by the person performing the experiment {(in one
of the wmodes it varied according to a sawtooth law). Recerding the collector

SRV

Ccurrent on variation of the grid potential, it is possible to obtain the volt- R
ampere characteristics which then will help Eind the values of ion concentra-
tion.\.,- 31,, tg.tﬁ.a.;.»ﬁlr

;, -év'.” ,.-. .‘_‘ : _..‘.. Ll ”‘: - "\‘,l ”_ T A
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_ The control of the apparatus was concentrated in a separate uuit. Tha

parameters were controlled by several methods. All of the measured parameters

1; were recorded on the film by a esmall loop oscillograpl; the values of ghaum-~

.-+ ber of the parameters could be obsewved on pointer indicators and the screem

' " of the cathode ray tube (on the face panel of the control unit). In the

. .apparatus. provision was made, In particular, for the "eyclic regime” for which

.. .x after preliminayy assignment of the desired regimes the measurement cycle

B with respect to the giVen pronram was actomatically carried out.

In all there were 202 serics of mcaauttmcnts (iq c&ch cries from One ' ‘
“to several tens of cycles) llera, the high-frequeacy electrodes and lon traps
were shaded by the hull of the station from direct illumination by sun beams,

- and the photoemulsion was abgent from these electrodes and the trap grids.

Lo B Pl - L T
[ e S —

One of the basic results of the experiment performed is the first ex-
perimantal detection of resonance dlscharge on electrodes installed on the e s
" surface of a spacecraft during its £light in the ioncsphere. Oscillograms were
obtained which characterize the occurrence of resonance discharge and define
.its parameters under various conditions. It was also possible to investigate .
" (in a series of 20 measurements) the effect comnected with the falling of tha g
electrodes in the gas-dynamic shadow of the station. - - : Ca

SO e Tha concentration of positive ions was maasured in several ilight sec— e
"; tions. “ In spilte of some lack of normaley in the work of the sonde amplifiers, SrEa
satisfactory recordings of the sonde characteristics were obtained in a number

. of gections. For example, on 15 June 1971, the measurements were made of the
D niALE concentration of positive ions in the orbital section about 3,000 km long and . ==ifs
' at’altitudes of about 250 km in the latitude range from 50 to 50 degrees south C

lm4GMm; D ‘ _ L . . o ) f
}‘ The use of speclal equipment controllcd by the astronautsfor direect : ‘ ~§
measurements of complex physical processes in space permitted us to obtain },,?;qf%ﬂj
important informarion about the phenomena of the high-frequency secondarym R
electronic resonance discharge, the distribution of the particles near the sta- ‘§
13

- .tiom, its hull potential and certain other phenOmena under the conditions of . _
“ the ionosphere. oy . N A
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“"““80 on. These deficiencies are eliminated when using a natural geodetic grid

’.{1;0 26 seconds.:
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. Determinaticn of the Dznamic Characterlstics of Morion of the Station
" with Respect to the Center of Mass '

.+ ... One of the baaic problems which ware solved when performing ascientific
".and technical experiments was determination of the dynamic characteristics of
wotion of the orbital station with xespect to its center of mass. For this
purpose, photographs of the stars were used.

' The usually used methods of determining the actual dynamie character- oo
‘istics of motion of the ppacecraft with respect to the center of nass based ST
: {ipn orientarion with respetttoo individual characteristicsreference points o i
" have essential deficiencies. 1In particular, these methods do not permit de- -+
termination of tha spatial position of the object at any point in tiue. They )
=, are characterized by insufficiently high accuracy of solving the problem, and "f

@;g;with a large number of reference signa for orientation of the sclestial spnere.-g>

i f_‘ For determination of the angular position of the orbital stations by
-,;Q;the stars in space, a stellar camera was used with a focal jfength of 212,30
"7 mm and an operating format of the photograph (a diameter) of 128 mm. The _ ¥
" range of photographic intervals vas’ 4-60 scconds, and thc exposure time waa_ SRRy

.,e FE

N _:',. S

The camera was equipped with a cloc the readings ‘of which were re-~
curded on each picture which parmitted exact determination of the photography
time. The optical axis of the camera was directed along the y-axis.

' The calculated orientation of the camera along all three axes is de-
- termined by the star photographs. On the basis of the calculations, the re-
quired accuracy of determining the statlonary orientation and the dynamics
~of the variation of this position in various modes, the necessary intervals _
‘'of photographing the starg were calculated so as to obtain : 8 complete plcture -
-._of the éynamic prOcesses of the stationary orientatiOn.

4'7.‘,

2 The - atars anne photographed in threc differenc orientation mndes with e
‘ respect to dynamics -- with automatic stabilizatden on gyroscopes, with manual
orientation of the station by the astropauts and in the mode of stabilization

- of the spatial position of one of the axes uf the station by rotation (turn- .

. "On the photographs made in the first mode, the stars were depicted in

”the form,of spots. Measurement of the angular dimensions of the spet and also
avalysis of the extremal values of the equatorial coordinates permit determina-
tion of the amplitude of the autcoscillations of the stabilization system, the v

' anvular valocities 1n the loops and deviations of the wvector of the kinetie
wmoment of ‘tha gyroscope. HRepresentations of the stars ¢ Centaur (stellar _—

" . magonitude m = 40,1}, € Geataur {m = 42,3 and the planet Jupiter (m = -2, 1) Ty
. were obtained in this mode. . e 8

L . ¥hen analyzing the photographs taken in-the second regime, it was estab- ../ 73
lished that the angular rate of displacement of the stars 4in the field of view ._"-@
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,j,;;were determined. '_ a.-;\;w, . @_ﬁiﬂ~ﬁ&%ili-w_g:f”?\1
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of the camera reached 0.4 degrees/sec. In this regime, images of the stars
a-lyra (m = 0.0), y-Cygnus (m = +2.2) and the planet Mavs (nm = ~1.2) were
obtained. The construction of the trajectories of the traces of the station
axes on the stellar sphere offered the possibility of obtaining objective
estimates of the quality of piloting the station in this regime.

The study of the photographs made in the :tutning regime petmltted
determination that the actual axis of rotation of the station was with a cal-
culated angle of 10 degrees. This offered the possibility of drawing con-
clusions regarding the magnitudes of the centrifugal moments of inmertla of

_the station.. In the turning regime, images of the star u—Scorpius (m = 0. 9)

T and the planet Jupiter were obtainad.

I By usiag photographs it is also possible to determine the maximum and
 the mean angles of deviation of the solar cells with respect to time from the

 direction of the 8un and the angular precession rate and characteristic rota-~

~- tion of the station which Is- 1mportant for calculating the electric power and
orientation syBimEms. . e . . . -~
A : " S - : ' ‘ S
The recognition of the images ‘of stars was realized by merging of the
photographs with the map of the.sky prepared on the scale of these plotographs.
. For automation of the recognition process, an algorithm is developed whizh ia
. based on’ the merging of the photographe obtained with respect to measurements
of the angular distances between the images of the stars with a catalog of the

5

angular distances between the stars stored in the memory of the onboard dipital_

computer: For execution of this algorithm the false images of the stars were
rajautcd simultaneoualy with reqoanition.

The determination of che orientation of the station by the photographs
obtained was made in accordance with the procedure developed at the space
. research institute of the USSR Academy of Sciences. As a result of the photo-

f}‘grammetric processing of the photographs, schemarics of the arrangemant of

the stara cn. the celestial sphere and the characteristics of varlation of
" orientation of the station in space flight under various dynamic conditiOns

"fT*,fuhxn;*.tgw

The calculated values of the mean square errors in determining the
- orientation of the statlon with respect to all threa of its axes confirm the

';::high accuracy of the discussed method. LT T R V’ﬂxﬁffl;

The determination of the law of variation of the angular position of

"% the spacecraft with time offers the possibility of complete investigation of . . . .7

"the dynamics of spherical motion. The method used on the Salyut station is

. distinguished by good clarity, and it turns out to be useful pot ounly for in-~
vestigation of the actual technical characteristica of the systems but also
when solving certain theoretical problems.

R T T D T B VO

Conclusion

K The first manned orbital station Salyut in the workd is opening up a
new phase in the development of cosmonautics —- the step of mastery of outer

N
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Q-’quite broad. ' Processing and analyziug them are still not complete, but the

o great scientific and practical value of the experiments performed.;f{;'L‘“if?gj =

. - the Oriom stellar telescopa coutrolled by the operator and the investigation

'épace'Ey means of scientific laboratories operating for a long time in 'Earth's

" the universe.

,;:{:_tained clearly indicate the high efficlency of space photograpbs in |olv1ng
‘- many.sclentific and national economic problems.‘.’;

.: -of physi¢al load on the organism of the astronauts uider the cohditions of -

-

‘the large volume of scientific work performed by the crew of the Salyut station.
- The couplex photographic experiment 1s also important which belongs to one of
. the most urgent areas of applied use of kosmonautics -- investipation of the

o

orbit with a crew of research astronauts onboard.

The flight of the Salyut station gave the first experience in the

ecreation and functloning of i.cavy spacecraft of the new type. It permitted S

valuable data to be ohtained nn the possibility of a prolonged stay of man in

space doing work. It demonstrated the broad range of possibilities of orbital
stations —— from investigation of the natural environment and Earth resources

to astrophysical studies of the processes on distant stars in the depths of

. - . f . . IR
L s - - . . . Y - i, P - N
ke -

’”7_ The results obtained from thesscientific and technic&l studies are

data investlgated, part of which is presented in this book, indicate the

AN

"rj Medicalﬁbiological and astrophysical research play an important role in

external anvironment and natural researces of the Earth. The materials ob-

£
i

4 The first’ experiment in extraatmoepheric astronomical research using

of cosmic rays using a photoemulsion module then delivered to the Earth in a
transport spacecraft, a number of scilentific and technical experiments with
regpect to developing systems and units under matural coaditions required for
the planning and design of spacecraft zre of great Interest.

Tha special role of medical-biclogical research performed onboard the . .
Salyut 18 determined by the theoretical significance for the development of
cosmonautics of the problem of prolonged staying and working of a human under
speceflight conditions. The set of media for compensatiou for' the deficiency

welghtlsssness was tested on the station for the fivst time. This szt of de—
vices Included the running track, the weighted suits and certain other elemants.

' The blological experiments performed by the sstronauts were directed toward . &%
*'solming a number of problemsa connected with the creation of closed ecologice

i LIRS

. E
't 3 . “‘

life support systems for the spacecraft of the future

FarET 'I'ha flight of the. Salyut station made a great contribution t:o the
" development and Improvement of space engineering., It was the first experlient
in world cosmonautlcs in the creation of loug-term orbital stations. It is
clearly demonstrated theirddreat possibilities as multipurpose space labora-
torles capable of effective solution of many ureent proolems in the interests

of mankind. e T e e o e e,

—ra
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In accordance with thﬁ pre"raﬁ'for SCudyinp the Space about tle Uartu N
on 6 June 1971 at. 0755 hours X Moscow time a booster rocket with the Soyuz~ll .f“ B
spacecraft was launched in the Soviet Union. -At 0804 hours the aoyuz~ll space-.’

e

Lieutenant Colonel Georgiy Timofevevlech Dobrevol® skiv, Flicht Enginner, hero
) _-of the Boviet Union Cosmonaut of the USSR Vladlalav Ailolay9v1ch Vol oV and - . o
- © = Test Engineer Viktor lvanovich Patsayev. = - _ ) i N '

craft was inserted Lnto the calculated rarth satellite orhit. . .:"?;M,gﬂ R
a,_=r'h.?;‘ The spa cecrnft is panﬂeﬂ by crew mide Lp of the- ship Commander _3'ffif:'

. The purpose of the flignt of the ! Oyuz"ll qpacacraft is a continuation
At of the. .conplex. scientific—englneerin" stu41E° in joint flight with the Salyut
o orbital scientific station. _f__:

- C.. The cosm onauts feel sood, the pubbard. Bystvrs of the Soyuz-11 spacecrait '
o '; are ‘operating normally, and the given conditions are being naintained in the- f%{
-+¥" 1iving compartments of the spaceeraft, . .

‘. Cosmonauts G.'T. Dobrovol'skiy{ V. b Volkov and v
;'bagun the execution of’ the planned Fli*ht program_;:-”

. --Flieht Control Center, & June 1971.  The Soyuz-11 spacecraft completed ok
& orbits around the Earth at 1600 hours.. Cosmonauts G. T. Dobrovol'skiy, V. . ;
Volkov and V. I. FPatsayev are continuing to execute the planned flighe, program. . _ .

”Duriny this period stable radio comrunications have been waintained with the ‘f
-spacecraft, and television trarsmissions have taken place periodically.’ .




-1

. According to the telemetric data and the reports from the cosnonauts,
"all the onboard systems of tha spacecraft are operating normally. In the crew
‘compartment and the orbital compartment the temperature and pressure are holding
within the given limits, and they are 22°C and 770 millimeters of mercury - SR
- respectively. The cosmonauts feal ?ood.

-

: - In accordance with the flight program at 1350 hours a correctilon was
nmade to the orbit of the Soyuz-11 spacecraft by manual navigstion. According
to the trajectory measuremeant data, tha parameters of the orbit after corw.
.rection are as follows. A o : Y

) From 1540 hours on. 6 June to 0130 hourb on 7 June, the Scyuz«ll sPace— :
HAcraft will orbit outside the zone. of radio contact with the tarritory of the
'*Soviet Union. . :--; ; : . RPN = VR

Ry

e R - -

h ;_-

c“r

T
Duriny this time the o

(u

onauts will rest. ,L.. :7”

Fron the Jourral of G. - nobrovol skiy

e o ) June 19?1 QB2457 hours. This part of in;ertion went uorwally. The - .
movement is stable. All of the vibrations and ozcillations feel cxcellent. '
- . " The osclllations are small. FEefore separation of the last stape the G-loads .
-/ <’4ncreased. Then a bang and immediately quiet; there is light in the cablu. . %7
o Thc clock and Glnluslare not starting inmediatoly -~ after a few seconds. T

Immediately ‘after separation there was much dust,. | It?was‘collected besat ,_ oo

,,with the fan running using a wet towel. From time to time the fan grating bends . %
inward and the blades hit the grating. The fan was shut off and the grating bent
outward with the fingers. The clicks of the operative telemetry coﬂmutator

~I7 can be,heard‘... Contact has been made- with the Farch twica.;;_lf

. At 114335 hours, a TASS report was heard on the insertlon. Onbaard

L :everything was. in order. FEveryone felt normal.ﬂ After separation the feeling -

- r;i of “discomfort consisted in the fact that it felt as if someone were trying to
pull your head off vour neck. There was a feeliny of muscle tension uander the

. .chin, heaviness of the top of the head and the back of the head seeming as if - oL

" someone were pulling upward and Inward by the head. When securing the body in

'1; an armchair this phencuenon decreases, but it does not go away. In this case

the front and back of - the head are heavy._ The :tomach seems to pump upward.

-

T

1Instrument for stellar navigation of Spacecraft. _mh;
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Hovements of the hands, a feeling of everything with which you work, the
dynamics of the entire body -~ you become accustored to immediately.

::‘ﬂﬂ i@i,, ”ﬂ  %,;1aw_; S ;;:  ‘Q-‘» SAJuNE gﬁr. et
| TASS REPORTS B o
In accordanre with the program for the creation of lonp-tern orbital

-stations in the Soviet Union, on 7 June 1971, the Salyut orbital scientific
station began to function as the first manned orbital scientific station.,-j

e T A 1045 hours Moscow time after a successfully exceuted dockinn of the

Soyuz-11 transport spacecraft with the Salyut scientific station whiech was fn- L.
o .o #eserted Into orbit on 19 April 1971, the crew of - the aoyuZ*ll space ship wag - -0
rf__??~ transferred to the scientific station. SRR .

i ) RN [ e 4, N T 4
L A . .
IS

: The engineoring-technical problcm of delivering a crew by transport
ﬁ-Bhip to the scientific station ~~ an Earth satpllite -~ vas solved for the
= first tine. ; T Eh S e R R e

S S A w I TR "«" ~_\ Tl R LRt e
A ‘._;!: _._._ s . e . -

o Flight Control Center 7 Jone 1971, The first manned Galyut crbital: o
s scientific station continues its flight. At 1700 hours Moscow time the staticn
:"-%+ "had completed 800 orbits around the Zarth of which 6 were made with the o

A Cosmonauts G. T..Dobrovol'skiy, v. H. Volkov and v. L, Patsayev onboaxd.

Acccrdinp to thc rrajectory measurcnent data the parametcrs of the
station orbit are as follows: the maximum distance from the Earth's surface
(apogee) 249 kilometers; wminimum distance from the Earth's surface {perigce)
212 kilometers: time for one orbit aronnd thie Tarth 38.2 «inutes, inclination
of orbit 51 6 &earees. :

i, - TN 'w --

. . B . _r Chelt

P [ = - TN TS T

¢ L5y > i
PRI il

According to the data on telemetric reasurenents and thP report of the I
station Commander G. T. Dobrovol'skiy.-all of the onboard systems of the station
- are functioning normally, and the state of health of the cosmonauts is good.

~The pressute in the ltging.compartments is.900 millimeters of . nercury,: and thé
tenperﬂture ig +317°CT ¢t ewen

“The Salynt manned scientific station continuing to move in the calculated ;}353

“orbit at 1515 hours on 7 June left the zone of radio contact with the territory = .~ ©

of the Soviet Union. The last radio communication with the orbital station '

.- planned for the day was started at 1624 hours. It was carried out via the ey A

- sclentific research ship of the USSR Academy of Sciences Arademik Serpgey Xorolev ~ "
in the Atlantlc Ocean and the Molniya-l cormunications satellite. Prom the end

.... of that session to 0100 hours on tbe night of 8 June, the cosmonauts will rest S
- altPrnately- ' . e L | ‘

- o P SR R ‘

‘- - From the Jourmal of G. T. Dobrovol'skiy i;{i.”ﬁ‘.ﬁa; B TR E TR S S

7 June 1971, V1diw and I slept head down in the sleeping bans in the
orbital conpartment. :Viktor in launch apparatus, across the seats also in a

P
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L Bleeping bag. wc slept less than waual (fron 18230 to 2600 hours), but it scemed
o oL as if we had slept enough After the inverted position our heads again began

to Pfillup."

T Vadinm and I looked in the mirror and then at each other and laughed:
Pmugs like bulldogs.” They raised Viktor and held a communications session.
Onboard everything was in order. Vadim proposed that we wipa ourselves with o

 wet towels. After "bathing,” we set to work. At 0248 hours on arriving at . the L e

f;&<equator from the direction hntarctlca we heard music.,;r_ w~?;

..; at 072000 hours nreparations (For docking‘—- Ld )

- E R -

~ 4~--- SElta W

S At 072& hours rendezvaus started ...' We saw the station in the optical
\.viewer before going 1nto the “preoaration for rendezvous" mode cen’

et A DT s C Ry
- H..,.i‘ -.__ . m_.~ ,5;-_-!- .""-_,‘

L After (inclusion of "“—Ld-) 'the réndezvous mode“ the ship hegan to roll
nargatically ~—Anee1ing, pitching and yawing.:irﬁ;_.‘. R T

i Before (a distance of "‘-Ld.) 150 maters thn ship equalized with respect
o bank and was in practice in the ccnter (of the viewer ~~— Ed. ) ‘{ﬁyg R

PR Hanual docLino was statted at 100 metere. lhe speed wag O 9 mlsec s o i
TR On suitchino to manual docking the statinn tooL off to tha rjght ves I began- = o
R to extin"uish the side ... s » o N

qk”““ ‘g... It seened that thL Jeft~hand lever was not adequate and I switched
‘on the right-hand lever., I brought the ship up and to the left a little ...
and killed the "lateral velocity" with the left-hand lever. At (a distance of
= Ed. ) 60 meters. I decreased the speed to O 3 nlsec,... L ; :

- ou Contact,’mechanical lockon - took Place simultaneously at) 074915
" hours.” The object did not in practice iluctuate. ‘At 075530 hours, docking.
,lhere were no. sacillations or rolling of the object. Contact, in practice, .

:was not felt e

- e «/Lﬁ Flight Control Center, B Jine’ 1971. The second unrkiug day of the .
Cosmonauts Georniy Dobrovol'skiy, Viadislav Volkov and Viktor Patsayev cnboard
.the - -first nanned scicntific orbital station, Salyut, began at one o ‘clock at

- night on 8 June. At that time the statinn had entered the zone of radio contact
with the territory of the Soviet Union. After resting and eating breakfast
o ‘—thg crew proceeded with further checking and preparation of the statiou ap~

o paratus to perform the planned studies.‘ s ;

o ‘The cosmonauts tested the operation of the onboard vital support systems ey
~.”in the various modes. In the radio communication sessions the cosmonauts more S
- than once noted the comfaort and large size of the living and work compartments

KN . i . LR 'L -
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" . of the station. The specialists at the flight control center observcd the
ac:ivity of the cosmonauts using a te]cvision syﬂtem.

:ﬁ%.éﬂ : At 1310 hours Moscow time, the erew transmitted a greeting to the people S
' of the Saviet Union.

o In accordance with the flight program at 1102 hours on 8 June a correctton
was made to the orbit of the Salyut station. The station was moved to a higher .

B orbit the parameters of which vere as follows.:_ o

L3

'.-,"'_;' .‘--c:, - e J."‘.‘
e . s : S

; Hhximum distance from the Earth's Burface (apogae) 265 kilometars,lAif?ﬁl;#$f

_dininum distance from the Larth s aurfaca (perigee) 2397kilometera{d

~,~R; - » 1

_Tiﬁe for ona crbit around the Earth 89 minutest:

‘Inclination of orbit 51 6 depreos. :T

AL 1300 houra Noscaw tine on 8 Jﬁne, ‘the. Qaiyut scientific station
e completed 21 orbits around the Earth with the cosmonauts on board. According
~to the data from the talenetric information and the cosmonaut's reports, the
-state of the onboard systemg and the microelimatic parameters in the compart- -
LT ments of the Salyut scientific station vere normal. - ‘*, --gf:.t SR -

, o A

%f‘”‘ﬁiufi Cosmanauts ﬂobrovol's?iy. Volkov and Pataayev Falt gcod and contlnued o
the planned studies. . :

S =?5i Flipht Fontrol Center, g June 197] The econd wnrhlnp ﬁay of the crew
of the Salyut orbital mamned scientific station ended. The cosmeonauts devoted
-this entire day to checking the systems and unpacking the seientifie equipmeut :
-of the Salyut station in order to prepare for. reqearch and experimcnts.f ~{~;¥

. From 1500 hours Moscow time to 8ne o "elock at ninxt on 9 June the orbital

station will be outside the zone of radio contact with the territory of the .
‘USSR. ““During this period the cosmonauts will take turns resting, doing physical-
exercisas, and doing mutuyal medical nonitoring and self—monitorlng.

I
v

Flignt Cnntrol Center, 9 June 1971, The crew of the Salyut orbital

‘fm_ecientific station began the third working day- accarding te the program near

:"*"one o'clock at niaht Hoscow time on % June,

;oo < Tha cosmonauts are contimuing to adjust the various scientific equipment
of the orbital station and doing medical-biological experiments. The crew :
_comeander has reported that all of the cosmonauts feel good .and the WOTK on .o e

t e

D the ‘atation is going according to plan. |

. The Flight Control Center conflrms the stable radio ccmmunications with il e
-§~i'~'vthe Snlyut statiou.. e f”;:“_ﬁf' IR S S N 1 - e




P h Plipht Control Centexr, 9 June 1971. The third vorking day of Georniy

B PR

Dobrovol’ skly, Vladislav Volkov, and Viktor Patsayev ended at 1500 hours
Moscow time. It was devoted to performin6 experiments and preparing the : B
-statdon for further work. . . . - 0T o e T e it

. After the moruainz toilet and breakfast, the crew proceeded with the .
planned program. The canning of a number of systems on the Soyuz-11 spacecraft -
was completed. Further monitorinz of the condition of the onhoard systens and '
assemblics of the transport ship will be carried out according to the telewstric
dataa B PR B s LT e R s m ':r,.\ L . e T - -

I . N R L -
ey [ =y —

w5 3 Y The cosnonauts performed several medical-biological experiments. In

order to stay in good physical condition in £1ight, they are using special R
“siwedghted suits by means of which the Earth load on the human skeletal-muscular VT
'ﬁ ‘system is simulated. The cosmonauts have reported that the sults are convenient

S for work and do not create unfavorable sensacions. PR -3NT;;W;ﬁ;1“~:_

‘{1 The gas composition of the atation nicraatmosphere has been checked RO
..3;«;1 regu11r1y. Further checking of the basic statlon systems, adjustment and tuning S
of the scientific apparatus and instruments contluued.

.o "’. . L I
- -7 ~ “T"'

. T During the course of the work accordinw to the flinht propram, experi— -
. ments vere Started Lo measure the radiation level and observe the micromeﬁeoritic o
situation in outer space. ) 5_‘.;_ i A ‘;j‘,i- Tl A

" In the experiments parforred today, a wide»anﬂle viewer was tested Tt
16 a new instrument designed for exact orientation on the sun and planets. In
" accordance with the flight progran at 1006 hours a second corresction to the
Salyut station orbit was made after which tne station went into an orbit with
_ the parameters. o :

-~ S

EﬂMaximum distance froé the Earth s aurface (apngee) 282 kilometers-””"

‘Hinimum distance from tbe Earth'a nurface (perigee) 259 kilomﬂtera'

wel e e - e i

Time for one erbit around the Tarth 89 7 ninutes, =

o

- Inclination of crbit 51 6 degrees."r{;:“‘s'

By 1500 hours ﬂoseou time onn ¥ June, the )alyut scientific station vith
tha coswonauts on board had coﬂpleted 38 orbits around the Barth._‘ -

o ' Accordin? to te]emetric dat1 and the reportg by the cosnonauts norﬁal
.. . conditions prevail in the compartments of the station. The condition of the e
' " omboard systems 13 good.

‘i'fﬁfﬂéuijh; The specialista from the~F11ght Control Center have noted that the - ™% . aw
" 'Salyut sclentific station crew is working with pood spirits, clearly and
_certainly. The Cosmonauts G. T. Dobrovol'skiy, V. Y. Volkov and V. T. Patsavev
.?;-;:;ffeel great. _Theflight of the Sglyut_sc@gntif%c station is continuing. .. igpeui

. .

R




. Fron a Verbatim Report of the Radio Fonversations of the Crew with the Flisht
~. Control FEﬂter . _ w : :
e 9 June 1971, 0329 hours i e en e T e A e e

, Yantnr nll Yesterday I performed the orientation before the twiat,
the shiﬁ handles - very well, everythinp went off well. L B _
et Yantar'~2 (comments on the programmed turu) I am monitoring the propram-
5 med turn. The engines are operating remarkably. .Ye are 1ooking out tha potc SN
S from the first station. “hose flashes, Lhare are flashes._,' > s

m_f

'-’.'
L . ’:‘:,w-;—.

We are obsnrving the Spacecraft turns, the nozzles are working, every~
thing is performing normally.z~;,;'

ﬁ;:'; o 9 June 1971 1000 hours. A correction is nade to the orbit an angina
- E ia operating. e . = R : ‘

1T, ke

L %‘Yantar -2. 1he engine has beeu switched on, I am counting the time."

‘AZar'zaZ, Roger.__;"

R -Yantar ~2. Lngine start Bmocth now it 15 neticeable how the ship is

going. 9; coTn ST r et ‘ P vDoelg

TN TN u_' < L . . e e e

T . ".Zar'va. Roger. - v -7 ij};fxE“eﬁiﬂ -

Cde

;;h;??;g _f—-Yantaf'—z.:'Itﬁ;trembling'a=little now and theni ' the machine is .trembling.

‘ Yantar'-1. The engine operated 73 seconds and disconnected fram the
“ iﬂtegratﬂr- . ,:"" ‘._:_“T--' , ot . N - AR ' . E Lo

e .#-. e .Af - - A RSN B T T A

. ..- Yantar' -3.. Engine paraneters narmal Co -5*' o { ' "‘Q'*? . s

e L .

;5' “rzarlva, Rnger, ‘1 understood you, Yantnr “1. The telemetry confirms

.tha.enpine operated 73 seconds. i

SN June 1971, 1164 howrs -

Zar zu. The answer to your queatiﬁn about tne Pin"vin [Pcnqiin]

NS

SRR She metal plate st be aBUVe the knee.. The heipht 6f the plate can be s
=regulated by a hidden cord which is in the vicinity of the lower part of the

knce. To eliminate the unpleasant sensation bend the plate in the shape of the
" leg. For tension on the shock absorbers pull the straps located at the position

of the back poc cets of ordinary pants in the fold o? the Tingvin shell.
gv

lThe code names of the Salyut statian Crew are as follows'L Yantér wl —

G. T. Dobrovol skiy, Yantar'-2 -— V. M. Volkov, Yantar'-3 —— V. I. Patsayev.

NN }“ 2(:.a].]. nare of the Flight Control Center.. - - SR T R e
wf; The auit for weightlessness cnnditions.‘tlt creates a dosed physical - —



Yantar'~-2. _Yantar ~1 feels great in his suit. . 2 .
T Fron t;wAe";:c:‘t;ﬁook of . I‘\Pﬁé&;ﬂ;‘ R | (_ o |
S ghggpe 1971. In the £light part of the orbit the stars alnost are in- ;A"éi

’ visible even in the port onpcsite the sun, O ly Sirius and Vega are visible.

. . .- B

R “On the horizon at Sundawn the stare do not twinkle aven’ to the edpe of
. itha Earth.A.-=: < ,,-;;q;5~gﬂ,ﬁ~4ﬂ::n:u.yw,g«v-ttﬂz‘aia:gf CiEE el

ote. 1. Make a protective. cap. for ::h:a» t:ng»g,l@ switelh: i.o» the control .

' ob
et

S Fliphé éﬁhtfolHCentef,.ld Juﬁé'197i. Today at- one o clock at. night. the
f%,ﬁ=jsfourth work day of the crew of the .Salyut orbital scientific station be agan.

" Afrer resting. the cosmonauts performed Physical exercises using special eQuip4‘u:
ﬁentmﬁ‘; o : _ N ‘ .

SRR significnnt psrt of the propram fcr Lha*fbbrth worklday waa taken uﬁ R
‘ ;with mﬂdical-biolo9ica1 ewperiment

By the report nf the station COPﬁ&“dﬁr the state of health of the
coswanauts is good, and the attitude i3 exesllent,

: ght Control Center, 18 June 1971,  The basic. part of the pravram for e
Wthe fourth work day of the crew of the qalyut orbital scientific station was ) S
“devoted to medical-biological research. One of the ex tperiments performed today
;wasdesigned to obtain scientific information about thae functional state of the . :
icardiovascuiar syatem under conditions of weightlessness. 2ol .‘uunt:m* g

T " The studies were performed using 2 specilal multlchannel amplifying«
.¥converting device with the applicacion of - functional tests, The recording of

;:‘the physiological parameters at the time of the experiment vas. nade hy a tele~
' aetrlc channel. -

T Two Rl

In order to-estimate the effect of the conditxops of weiohtlessnéss on . - g

“the variat ons in the huran or*anieﬂ. cn experiment was performed te determine

“H*‘the‘danSity of the bony tissuea. - m”-mf'%f“‘qjﬁ.;'&“ R L '1,‘{;G1ig
T R _ | !
S Wicroanalyzers vere. usad to taka blood from all of tha crew membera for g
;',aubsequent laboratoty tests on Earth. ™7 0 o ! ) e
. e . - o L
In one of ‘the communication scssions a television report was made from . _;;f
onboard the station in which tha crew members told the televiaion vievers about B
. - e e .;,‘,“T. _f_.:- Ll - ] - ,-7";_-‘_,.,":' ; . - l‘.J. - &_ o - . - - A__:._ Sl . . .- s CoT
e Sl T=Ta08 S C e
p e ST N T, .
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themselves and their comrades and also é?out the goala and missions of the

I

-
-,
B ar— - e

5. .+: The onboard systems and scientific equipment. of the Salyut orbital .-l
scientific station are functioning normally. The Cosmonauts Dobrovol'skiy,
Volkov and Patsayev feel good. :

o At 1440 hours Mbscaw tine, ‘the acientific station left the. zone of
s radio communications with the tcrritory of the 90viet Union.
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, 'From.a Voruzti Report of the Aaﬁio Fonvcrﬂat ons. of the Crev with Lhe FliOht
”LControl Center - s,xuf 5; L P i - .

- Yantar —1. Good morning. I report. Onboard everythiug is in crder.
Cae “ Yow Yantar'-Z has done his physical exercises on the track. Yantar'-3 is = "ol o
e resting. During the period from 1600 hours to 1830 hours, fan Ho 7 buzzed; e
.. apparently something got into it. - We could not find a way to get to it. We S
" opened the panel... After 1330 houra thc buzzinp stopped." May we switch to 7. L=
.- the second fan? S Lo - N C

B . Zar' Zar'ya. Ve read you. You may. During physical exercises perform the
following experiment. Whoever is performing the physieczl exercises must switch
on the track at some time and yrun on it, and the obgerver mist observe the

.. fluctuations of the cells through the port of the launch apparatus. It isg
5{33“'-necessary visually to estimate the period and amplitude of the oscillations.:Adf;‘iﬂﬁ

10 June 1971 0354 hnurﬁ

IZan

f%“ Zar ya. Yantar s, today we have medical inspectinn, therafote don t
) take off the belt, do you ‘read me?
3 ;?'Yantar -1.. I shall connect periodically. o
w T?fjlerune 1971 Excercises on tha track and the EYpandet. -
¥t .o Totlet. I brushed my teeth with real toothpasta. ﬂggv T T
o : Again somethlng got into the fan._ This tire it was a voblaf packet.‘
. . The medical belt was rEBOVEd There was no 1rritation.. o B
?-gﬁi‘fi"‘ﬁ v Viktor: 18 slecping in the transfer commartment. - iiis hande stick out of ‘};l
the aleeping bag and hang miraculously in the: air. Zhora *s 11 ‘his: place I
. .1-‘.:“ o __‘ o - - .‘x.'_ $~‘. I - T "! . _':\ o L
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~ {(the left-hand chair of the first staticn). He put the new paste under the
- medical belt sensor. I o : B : Lo

Lo

UOPE: awia-.;wﬁisshaved, but only a 1little —f-I'decided ta let my bgard grow.5‘1;«f-“““?**5f%
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f T . Flight‘Control Center, 11 Jiine 1971, At one o'clock at night Moscow Y
= time the Salyut mwanned orbital scientific station again entered the zone of _
I~. radio communications with the territory of the Soviet Union. The crew Com—
- 7~ -mander Dobrovol'skiy reported in the first communications session that the
"7 cosmonauts feel good and are continuing the flight program. All of the onboard
. 8ystems and scientific apparxatus are operating mermally. ... .. S e

#

??lighf Cbﬁf§di'benf;r;'liwﬁuhe 1971; fﬁe“ofbif;i;écieﬁtific sﬁatioﬁ;‘

A

twn:.Salyut, is successfully continuing its space flight. At 1400 hours Moscow. . . ° -
7 time, it completed 863 orbits around the Earth, including 68 with crew.
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i f“lDuriﬁg the fifthfwdfk{ng day the cosmonauts tbok?épeétiogfabhié measure~
- :ments of individual sections of the Earth's surface within the territory of the

A1_EAigSpviet.Union”in-oyder to obtain the spectral characteristics of the various ' -
¢ natural formations and water surface.

Simultaneously the spectrometer was

"7 used to measure the optical characteristics of the. atmosphere.. . . - - &
R A S oo e

" Experiments were started nsing the gamon telescopé {nstalled onboard TR
the station. The purpose of these experiments. Includes study of the intensity, .
. .angular distribution and energy spectrum of thié primary cosale gamma radiation. Y

. 7 The Flight Ungineer V. M. Volkov oriented distortion according to the
experimental program. IHe put it in the autonated stabilization mode, and crew

g Qommander’ G. T, Dobrovol'skiy_ayitphedmon the ganma telescope and monitored
" his work. - T e ' _— '

A

—A';jﬁ?fnuringfekééutioﬂwof'thé~brogram for the aéy;ian-éﬁperiﬁeﬁt.;aé'pérforméd"-
to study the effect of the cosmic medium on the properties of special optical

" specimens investigated for purposes of developing transatmospheric astronomical
telescopes. . : e Lt e e e ‘ ’
et e ey T ] SRR UL e T e e R TR
T RTE T pccording to the data obtained by means. of the improved medical apparatus,
. the functional state of Dobrovol'skiy, Volkov and Patsayev is good. '
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TRV T A 1306 hours Moscow time the Salyut orbital scientific station left the
zone of direct radioc contact with the territory of the Soviet lUnion. After this
the radio comrunications with the station crew were maintained wvia the scientific
research ship Akademie Sergey Norolev which was in the Atlantie Ocean, and via -
he Molniya—l communications satellite. e e e e e st
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«:From the Verbatim Radio Conversations of the Crew with the Flight Control Center

=T R R P IR R st T

vocsiiiee, AL June 1971, 1547 hours .. B L I T e I R

Zarya, Yantari the controi group collective expresses its sincere ap-
preciation for the work in the last day. We wish you a pgood rest and new
atrength on the new working day in a moed full of enthusiasm. -

**:f;if< Eantar -2. Thank you., It 15 nice to hear the appraisnl.‘
: 1ke today we shall proceed normally._ CoT

. . - .
A.r". z ST . N

Prom V. ﬂ; Volkov =3 JOLrnal

1f ﬁg feal

: ’The sleepin bags must be made rore convenient in order not to Bpend 80. i
'jmuch tine opening and closing them. The food ptoducts are the same as always' T

el eewte

o 12 Juwz

W

T radene Control Center. . 12 June. 121;._ Today. at . 0040 hours, the manned
... orbital scientific station Salyut again entered the zone of radio contact with'
the territory of the Soviet Uniom. The Flirnt Controi.Ccnter is malntaining

N stahle radio contact with the starfon. . .= . . fee <-_.' A

'Coamonauts chrovol slkiy, Volkov and Patsayev fecl godd. The onboard
”hsystems of the station and the scientific apparatua are operating normally

C e ERTI

I Flipht Contral Center. “12 Jnne 1971.' In the course of the next working

:w¢ day the crew of the Salyut scientific station carried ocut the program of .
‘medical-biological experiments. By using a special dosimetric ‘apparatus the -
“cosmonauts performed experiments in order to ebtain data on the radiastion
safety of space flights and create an effective dosinmetric control system. Here,
. - the magnitudes and the dynamics of the increase in radiation doaea by various '
<. components of ¢osmic radiation were determined. =~ 7L v _ , SRS

Studies were made of the state of the cardiovascular system and function-
al’ tests were made of the external.respiration, gas metabolism and enerey ex-- v
“penditures. The cosmonauts investisated the licht and contrast sensitivity of

thﬁ viSual analyzer under the conditions of variable brigntnesses. . G e s e

_,‘“-= o During the course of working on the program of the day, the cosmonauts »
;> +- photographed- various atmDSpheric formations using a camera with different focal = &%
) lengths. ' . . :

~In the radiocommunications sessions, Cosmonauts Dobrovol’ skiy, ‘Volkov and

[ - -

- e 'ﬁf - . L e e ,’,_‘ e L



of the Salyut station started im preceding television appearances. At 1430
- “hours Hoscow time, the Salyut station left the zone of radio contact with tha _
territoxy of the Soviet Uﬂion. _ -

B T T B N T S et 2

- - 2.

Frcm V. H. ?ol ov's Journal S

S 12 June 1%'1 We pot up, we drank water from the new barrel. We drank A
all of the first onc. Viktor set up the vacuum and I floated about the cabinet
cleaning it.. Zhora was im the chair as assigned to try to vrite somethdng in
tha 108- ) j'-r'; : -, “". ii"" i R ., ' -:__.'.“4_ "_,_,‘_ """"' e -'"" - 4‘:‘";’ . ;" . T

— L. = Teea, o

ViLtor made a place to sleep in the hatch between the descent apparatas B
N and the orbital compartment. Soon communicatiens with the Earth will be re- | ...
{;established and meanwhile according to orders, gymnastics. ﬁlzghh'ﬁ-aa{gqfqgf,_

L 12 June 19?1. 0041 hours |

. Yantar ~3.' ﬁow we=Have a complaint with resPect to the medical Sensors.
It 18 inconvenient to wear them all the time. I have not taken them off for e
“three days; there are dents in my body from the sensors. Let us talk a little,’

; Zarya: you can have comwnications sessions with us during which the telemetry ,Aggfﬁ
“will be recorded. Ve shall put them on for that. The rest of the time we shall =~
_ggke them off. _f'uA RS A A P L ' S

_ M;j-_ﬂx;~ Zaqgg. Understood. Carry out your proposal.

12 June 1971 0212 hours

t "_?'Yantar ~1. Now with regard to psychology. . It appears to me that the -..°
: psychologists are vorried abour nething. The only thing ia that we have to do
- % " three times as much physical culture. And wore frequently. Firast, people will
B f_look at.each other... It 18 necessary to force oneself to do physical exercise. Y gl
2Tt 49 necessary to increase the exercigd time approximately to 30 minutes. - All. " 7¢5
., ‘of the new operations should be planned so that th ey are done twice or three
' times. A ninimum of two times.A Ahings would 8O better tnen.

i A ) o e e et S

# t e

v Sy m s
L E

. ?atya.' With rerard to physical culture. You can. do it three tires 35
. to 40 minutes each.

N A ',’h-_: "' ' ”"' e e g et i "‘f : .le' i, T '*":'-' cE e T
U S Yantar —1. Okay. Now-about the work, All of the néw operations will

also be plonned for three. The werk with the Polinoma [Polynomiall sen¢qrol
and elimination of errors cam in general only be domne in threes. This will be 7 i
interesting T :

T ol T understand.
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e .Yantar'hl. And in addition it will be easier to repeaL the operation.

S 12 June 1971, 0344 hours < R N
" Zarga. Yantat -2, wmake the movie, observe the mnst noticeable atmosPheric o
phenomena and transmit to us: what and how, T S T

Yantdr -2. "aw we see a foxest fire below.

‘,x.-- - ,

.- Zarya. Rnger.-‘ ote another communique.» report insofar as possible on Y
:fthe atate of the port. - Is observation of the stars possible?

Lo Tantar'~2, _Ho, in"the daytime you can not e’ 3tars.= Tﬁé}fé&h‘bé‘53§nf
only hefore sunset or. befnre sunriqe. é e S oo

'?arza. Roper.';

;Yantax ~2 < 1he ports are: clean.ah;,

_ Zarya. Are there: differcnces “4n the Flares at night and day during
~0peration of the orientation enﬂines’ S, W RLerte R Sl pe Al

tj Yantar —2. There are differences.‘~fv:"

?gzya. ﬁéét &if{éréﬂccs, cgn Ynﬁ.tfénsmit? ‘;fn{%f; ;;7‘f. ‘ :
i = Yallm LAt nig ht the flares are bri?hter.. . .‘ .
- : ;gz?a' Is it possible to recopn nize stars in the twist? o .
tA: ::Yantar ~2 It i;wgos;ibiérgo recopnize th; stagéﬂcﬁfiﬂwhg-twisf; 1Lar;a, g

-2 atil) through the. ‘ports. They are in an excellent condition, but some of them
..are a lictle coated with woisture.. . The stars on the day side are not visible.: -

‘uI have made several- obse:vatione, even Jupiter, vhich 1s now in tha. constellation '+
of Qcorpio, is also invislble.‘ o L B S _

B 7 "““12 June 19?1 0511 hoursl‘mff )

} ntar —1 The remarks with rLSpCCL to the stars. %e have apain look ed ot
. the. sters at are not visible in the .daytime. - Just before going into the shadow, ; ok

i .gJupiter appears first, ‘then” the stars begin to shcw ‘up. ;}
ey - A2 June 1971.- 0811 hours TR 'mjifM'\fi;; ; i i L?
‘ i ‘ Za{gg. Yantar'-2, another question fot you. Have you Succeeded in dodng ., @ ¢
PR the experiments and receivinp 1nformaticn? : <ff-‘.“f&_wf e T

&“ntar —2 Understand it is gtill difficult with time. Now, for example, e
xlgiﬂgg,are_prgparing\;ha_?plinog., We- have sPent one hour and twenty minutes on this. R

X i . o RS . -- ; -
. : . L .. L S TN o I PRI . ) .
B VI .. . X K . ., R 2L

P . T T CO I




SRy

_ Zérza.-AUnderstood.

Yantaf —? The difficulty is that the man 1s not tied in the chair...
.verythino flius away you get one thinp,and another flias away.

;‘

Fran the «oteboak of V. I. Patrayev

- &"Z.Qf'_ o At night the stars and the Farth are well visible. The clouds and the .
cities at nipht (the Iights on the ground) ara vislble.

- e
z ” a.." weat T e e T

The edge of the Parth is guessed by the absence $f stars.

At sunrise and sunset the upper c]ouds a?ainqt the bac!vround of thp
lower_clouda are reflected by long fiery trails. T

o

iAo mi:q__

-

Television Interview of V. Q. Volkov. 12 June 1971

;the orbital station for you i& temporarily home and laboratory and even symnasium,
‘We should like to hear from you a more detailed account and have the first

- television appearance from the Salyut. Gow a portable teleVLsion camera has

- been collecced from the ground. ‘How do you rcad us ?

Yantnr «2. I under”tood you excel]entlyn It nleasas me a preat deal to
beqin Ahe first - television interview and the first talevision visit on' the
- Salyut orbital statiou. s

A - W T RN e
R Lo LR Jed s I L
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" The orbital staticn comprises two comnartnents' orbital which we now
see on the screen, and the Soyuz ship which has docked with it.. I shall-show it_
-; to you; ‘there you aee the Soyus spacecraft from nfar docked with the orbital:

;station "You can have an idea of the dimensione which this orbital station- has.
;, ;

R Here Comea the research enﬂineer floating from his- conpartmantf"
W : — J" i e Tt 4 ey nd et R T S a—‘.-._,x 3
25228"25- We see hin excellently. R \Q T

;f}Yﬁntar -2 Now I shal] shaw you another part of our orbital station.w-

T ' \.

Le havn the sPorts ccﬂplcﬂ, of course, not 80 lar"e as the arena in

‘Luzhnikiy. This is the medical chair, this 1s the belt on which vou will run. ¢

Indeed, the camera and the operatine equipment: the work space of the research
enginaer, his on-board log and control panel. This is why the centralized

o gontrol panel from which the orbital station and the spacecraft are controlled
simultaneously. i

}queqnape of the central.television commentator. -

, -¢ ot e J.A
S, e A o K
T w
|

‘JZargawzsl Flight EHOineer V. N. Vblkov made contact. we know that ST

~jThis depands on the aun altitude._ At an angle of less than 15 degreaﬂ the ;JJ

1
t
i3
i
;
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] In general, tne spacecraft is a very large laboratory pernitting the
“solution of an enormous set of scientific and engineering problems for the
national econowy, problems which permit expansion of our knowled"e of the

fris space about the Earth.- e Lot T T -
_ Here, on the screens you see photographs of 5. P. Yorolev, Yu. A o
~Gagarin and a portrait of V. I, Lenin. They are always with us, ¥Now I ghall - "~
show you the docking unit wore closely. Illere {a the dociiing location. If ,
thare are questiona, please. Do you see the docking point? R

i__Eya-25.: He ‘sea’ excellently. _

P Yantar'-2. This is the orbztal compartment; this ls tn chang:.ng compart-
'.'ment.ji.f"_'rilis is the sleeping area; we rest ’nere. T e F :

. 5&Za£za—25.A We see excellently.. There is another second of time."Caﬁl_H‘
Yantar -1 give an estimate of the past week? Sl L g T R

ch

. Yantar ~2. Please.

. R Yantar -1, Zarya, I hear you excellently.‘ If we evaluate briefly'- all .
'1.4_¢< aystems of the ship are operating excellently, the crew feels good. They are .
%e. s Lrready te continue to work by the program. The assignrment which has been trusted
‘*. to us will be carried out with high—quality, applyiug all our force9.l_l -

B

[ W =

o ?ligq; hantrol Center. 13 3une 1571, The aalyut manned scienti‘ic
: station completing its 93-rd orbit around the Earth with the ecrew onboard
) . entered into the zone of radio contact wlth the territory of the acviet Union .
,r‘"‘t“ at 0034 hours Haﬂcow cime. ;f;:ﬁ;,‘u« CPSET e e L L LT AU TRy

- TR s S e

. Accordiﬂg to the reporta of the coswoﬂauts and the data from snalyzing =~
< the telemctric information, all of the onboard systems and the sclentifie ap=- %
;. paratus of the station are operating wormally. The Cosmonauts Dobrovol'skiy,

" Volkov and Patsayev feel good. : - S

1

‘ﬁ”glﬁﬂ:' At 6806 hours, during the next: radiocowmunication Bession. the cosmonauts B
transmittcd a radiogram to the Soviet people in cennection with the national
“election day. : .

; g"'fn':{a:‘il':""-";".‘-”-’:: 1:_ - -‘-,4! . z" v_' o o i _“‘r e T _._;“‘ I g e -
R T Flight Control Cénter. 13 .June 1971. The ‘tirat manned orbital atation,

Salyut, completed 100 orbits around the Earth at 1300 hours. The Cosmonauts
. - Georgly Dobrovol'skiy, Vladislavy Volkov and Viktor Patsayev are continuing suc-
.. .cessfully to execute the program of scilentific and technical experiwents, main-

taining high fitness for work. e e T o et i e e s L e
S ,' ;o Do PGS A R L Y I :‘5‘. o " EL AN kA n i .
,;'i - The procedure of work and rest of the crew members ‘has been bekéd out
coasidering the round-the- clock performance of cientiflc research i . Thus, the .
T S R '51“ P m3?ﬁ¥f ‘ VT‘ LE L o u; FE
t i N
- - awry LT .‘.f -~ o4 4 - l‘fj_"s_‘ :— :i-“ -' . . Tt ' ‘ - T R 4‘ ‘ T
u o . -‘ ’._“: o s ‘-'.'J - . - L . . _-.L . o ‘. [ e



next work day for the Flight Engineer Volkov began yasterdny at 2130 hours; for
the station Commander Dobrovel'skiy 1t bepan at 0150 hours on the ninht of 13
__June, and for Teut Engineer Patsayev, at 0600 hcurs.

. - . [ -‘_:‘7‘ ]

P - . o T Lo e

Durino tha course of these days, the cosronauts observcd and photographed
':f;ithe cloud cover of the Farth and® the sepments of the Earth's surface character~
> .. .1stic from the geclogical point of view. The characteristics of the primary
' fcosmic,radiacion were. measured. -
e e Onboard the Qalyut station experiments are continuing to atudy the effect =
;_;{7Q',of the conditions of weightlessness on the development of high-order plants.
For this purpose, flax, cabbage and onions are bheing grown by the hydroponic
. wethod. Ubservations are constantly made ok the pldntS whlch are regularly fed

;ﬂa nutrient solution. L el

e b

Tt 5;,.

e r’"- AR

T 'f;i» - The Wwork onboard the station alternates with the execution of 8 complex
" of variOus physical exercises. One of the, means of maintaining the required
t"fitness for work by the cosmonauts is exevoises rerformed with the applieation
.- of special devices and accessories. In particular, a moving track 1s used which:
~:pernits maintenance of the skills of walking and muscle strangth under conditions
"of weightlessness. B j_ X g, uq-" :;5 “¢¢¢¢;h;1q;,‘_¢_

P
;

e b . < o
DI S a

= e 1255 hours the Salyut station left the zone of radio visibility £rom ~¥;L$

oo ?fthe territory of the Soviet Union. In the nearest orbits, communications with -

7 4. - the gtaticn are maintained using tlie scientific research ship Akademik Serpey

=~ . Rorolev located in the Notth Atlantic and the Wolniva—l com@unicationu satellite.
From the Journal of V. N. Volkov LT T V ‘*\

o - 13 June 1971, Eishrh Day of Pifsht. Ue crossed the Equator. The 387-th

f'”dfbit’began.- The boys are asleep...Zhora is-in the transfer ‘compartment buried R

“"{n the instruments. Viktor is not to Le seen. MNe is in the wash area in th '
 orbital compartment on a bunk. I have already done my physical exercises and

had breskfast (the first breakfast was canned bacow, blackberry juice, pruﬂfa

‘2with nuts, and candied fruits), and I drank some water, . 7.

- 'We are still outside the visibility of our stations but I am atill iu o
ﬂcommunication, and every nov and then I receive something! After’ the communi~ 7
.cations session I shall perform a medical experiment. '

;=:“ ,I have observed the stellar sky. In the upper light 1ayer of the nightugi
‘horizon the stars of Beta Ursa Major are clearly to be seen., With the coming
of sunrise when the antennas begin to be lit up, the stars éisappear, but not

- -all of them. ":j CewlBi T o d T o e E A iy T

N -

e . CIn the morning we nacuumed the compartueut. It apbears thet the‘water P
4+ ™ hag all been used up in the second tank. This 18 the second since the beginning -~
' -of the flight. S Ce : o : ' - L
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From the Journal of V. N, Volkov (continuation) o . : : :

1 have just finished breakfast. I have dome my physical exercises. I ;

did 100 kneebends. 7Two green stalks about 2 cm high have crawled out of the ok

“Qasisl. The boys are still asleap, It 48 time to wake up Zhora. “Tle is sup~ E

poged to get up at 0130 hours, and it 1s already 0200 hours. . The antenna 1s !
‘brightly lighted in the port. 7This means the next sunridge hasg come. Ground .

- control has asked us to wear the medical sensors. I have put on the belt. : Cte

s gffiﬁsj'E; It is an interesting picture' the Earth 18 black and the sky also but

&

‘ che antenna of the solar cell ig & brigh: white.“

7. 5 cwr T

Tha communicat*en,—eeesioq hqs star!:edr In my earﬁhomeé I can‘hear the
-_'-sqng from the movie ®pishter Planes: . "Hy comrade flies off into the distance.

I '._" R S
s B s T

f“ﬁ6f§66€ﬁ#§éEﬁﬁﬁﬁﬁiﬁéfgbﬁﬁffc'say?“Tw“CféeEiﬁgé,"'
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From the Daily Lo? of V. I. Patsayev

i

13 Juuc 1971. In the part opposlte the sun fro@t is viaible on,the in— 7

“QsideAsurfaca of the outer glasa. .

Hote: 1. The bag with the tools has lonp straps (closing it} Tt would

< . to have cleats. 1” S X ‘53 .
s S The plug for the vacuun cleaner is located low — 1t 1s 1nconvenient

to operate and dark.

IR Flight Pontrol Center, 14 June 1971... At 2253 hours Hoséow tizme on 13 Juns
= vthe manned orbital scientific station Salyut on the 108-<th orbit ‘around 'the Earth
g entered tho zone of rauio contact with thp territory of thn qquiet Yaipnsup-

€, N T ‘-.
g o _,‘...,4—- .

y.}ﬂﬁﬂgpagy neAll of the station systems are functioninp norwally.

R 'S 0900 hours on the morniny ‘of 16 Juna the Salyut station was in orbit
"with the Following parameters' - ‘ :

. . - ot © e e - - .. .
4-.-_‘-— A I'L,'G v S ST ‘5 - A“u. * < -“i LR IS

i

. Maximun distance frcm’the sarth's surface (in apoge@) 277 LiloweterS'

The se:—up for growing_hiph—altitude plants onboard the Salyut station.zﬂ
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¥inimum distance from the Farth's surface (in perigea), 255 kilometers;

Period of one turn around the Larth —— 89 6 minutES' o

B o . . - T S gl - Y.
. . . L P . “ Wt e T T L S ¢ e S
~ P L S : ! . .o - Do LTI o ae DO

Inclination of orbit -~ 51.6 degrees. B B
"-Stable radiocommunications are. being maintained with the Salyut statilon.
The metering command complex of the Soviet Unjion is performing systematic
.. trajectory measurements and receiving broad scientific information frcm the
f{L statiou. o T T e : : :

AT

- 3 o, " . PR P - R V= _. - _.t‘_,.. ..._::r::‘, s .'_-4‘ A

T I‘Iipht Control Center, 14 June 1971, The crew of the Salyut sclentific
,.>8tation is continuing tne planned program of Gcientific research dndlexperimenr-.

Pl During the course of the workinr day experiments were performed with re-"":

- spact to developing an autononous navigation system. The Flight Enpineer Vladislévujh‘
 Volkov and Test Engineer Viktor Patsayev have performed navigational measurenents. -
by the resulta of which Vikror Patsayev has determined the orbital parameters of -’

the stntion using the onboard digital compuuero : = e

- In order to obtain the apectral characteristics of éifferant natural
" formations the cosmonauts have performed spectrographic neasurements of the o
individual aectious of the zarth’s surf1ce.

" DR

'\ The cosmonauts have observed the cloud cover of the Earth snd traced the
.formation of typhoons and c¢cyclones. They have photographed the Earth's surface.

" The joint meteorolorical experiment has been performed again with the Meteor
satellite. A

B

L In nna of the communicntion sessions tha cusmcnauts have done television e Pt
reparting.. T - - R e e

e

"%.4cj? In order to. determine the accommodation capacity of the eyes during pro-v*~'

. _longed optical observations in space flight using a special ‘instrument, a study

D vas made of the accommodation and convercence of the eyes of the r~nsmonauts.

- _,b The experiment was performed for 30 minutes while the statian wag on the 1ight
o side of the Earth. Sy b U T AR AL R s::«ﬁg.a

~ by the repcrts of the cosmonauts and -the data from telenetric informat1on.
_jall of the onboard systems of the station are operating normally, the given e
v conditions are being maintained in the compartments.

. ) By the report of the Commander of the Salyut scientific st1tion Georgly . Y
e Dobrovol'skiy, the members of the crew are feelinp ;ood. R
SR CAE.1230 hourﬂ the Salyut scientific station left the zone of radiocom— B ”'E
’ munications with the territory of the Soviet Union. Communications with the é
station crew are being maintained by wneans of the scientific research siip . s
Akademik Sergey korolev and via the Mblniya—l conmunications satallita. R

ST et T e e e = 118 - S
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From the Vaerbatim Radio Conversations of the Crew with the Flight Ccntrol Center

" ;.ﬂhg;_+&,'ﬁ 14 June.lQ?l. 0312 hcurs Ce e :a;¢;.?;f;%fsgf-eréﬁdégfg‘ ;:34'~ymﬂggﬁ

":ﬂf ‘ ZEEEEEWZQ Give us wmore Mayak's 1, ve are very bored without them. _
They can be heard very well over South America. Ye can not hear them anywhere ..
“4. else. ) . N A e .

14 June 1971. 0756 hours.

Yanta: —3. Have you seen us?

g agza.“ we have seeu you.

St R

’1Yantar ~3. I now give you our leader — here he ia in all his beauty.-an

1Prom the Dailx Lor of V. I. Pataaynv

153 - f"

. 14 June 1971; " 1% have worked in the turnxng mode on the sun. The é%étiéﬁ A"f
sometines qulvers — two or three weak jolts. Obviously, this is cnnnected with
the overflow of 11quids.“¥;:-”‘"" el :

,,-a A T I

Hote.’ All the control panels for the scientific equipment must be cavered
uith safaty covers made of organic glass.. _@f* =wa; ‘w;;“ ‘ - L

'T"_-n . i E
- Sy - it

. Luﬂineacent partlcles frequently aceonpany the station and fly in d1f~
- ferent directions. These are dust particles or fine crumbs. . : :

Sl -1533&\?

Flight Control Center. 15 June 1971. The Salyut manned orbital scientific
station completed 134 orbits around the Iarth by 1500 houra “bscow time.

- . - N

- he next working day’ of the crew bapan yes&erday at 2245 hours when the
Salyut station entered the zone of radioc contact with the tnrritory of the Soviet
“Unlon. Flicht Fnrineer Volkov was the firsat oun . epace wateh. The station Comp-
;mander Dobrovol'skiy went to work on 15 June at 0330 hours; Test Engineer Patsayev's:.
*work dey ‘began’ sonewhat later,..” 7 N0 Deoetog T T D e T e
r, : ‘ R | .
) ;xDuring the course of the day the cosmonauts p;rformed {ndividual experi-:.
,ments/started earlier, performiug them in mew operating nodes of the equipment. o

g

!' The cosmonauts took a spectral recording -of the characteristic formations - L
of the Earth's surface in the coastal zonez of the Caspian Sea In order to use ’
th£ data obtained in apriculture, land improvement, geodesy and ¢ artovranay. ,

“ Agrial photographs were taken simultaneously of these regions from specially . - %
'eqLipped expeditionary aircraft. from the Leningrad Stateipniversity and the : -
UbSn Academy of Sciences. :




From onboarﬁ the Salyut station the crevw continued to take photog rapﬁs
of the cloud cover over parts of Povolzh'ye. The gimultaneous television
. pletures of the same cloud formations were taken by the Meteor satellite. The o
- .. purpose of this experiment iz to study the fine astructure of the cloud systema - <

‘and to process the method of decoding the televisien pletures received from the
Héteor satellite. :

. [ S

; In order to obtain data on radiation safety in apacecraft and to create
- an effective system of dosimetric control, the measurements of the surface and

-deep Ttodiation doses and determination of the relative biological efficiemcy of
;ﬁ coamic radiation were continued.‘; ?Q3:;f;n‘ﬂf¢“-? yh?x,ﬁ\ln@

For separate Vecordinn of protons, neutrons and gamma~quanta agaiust a

s background of cosmic radiation the scientific measuring equipment was switched‘%
cn more than omce. S F

W g S ‘_ﬁ_‘ .._ . T el

K33

RO et H%en performing the medicalﬁbiolopical eyperimentation program, comple
T studies of the cardiovascular system were continued.. In the television com- .

:if munications sessions the cosmonauts told about the experimants aud demonatrated
N the scientific equipment._ - -

PR _5By Ehe report of the station Commander Bobrovol’akiy and the telemetrié
,data, the cosnnnauta are fine. o S L s, - .

- . s _‘-4 R RIS v
P “ . . o T asn e e P N

Vet = E R

R At 1236 hours the Qalyut orbital sciantiftc stﬂtion left the zone of
- radic contact vitn the territovry of the Soviet Union. : o

,ﬁ R alevisiou Interview of V. ., Volkov uf B [i:

ey

15 June 1971. S S

'm'ZaEza—ZS. How do- you read ﬁa.

Yantar ~2.3 Yantar ~2 in communication.jA-m

Reelr W

*;'3 CE rZarva—ZS Reccption is e/cellent. !e would 11&@ you to tell about
the experiﬂent on the cardiovarcular systew . i

L

. : '*antar -2. One of the most important problans which will he statcd for
. us on this flight 1is performing wmedical experiments. The accumulated information

< 9111 pernit our sclentists to draw correct conclusions regarding the posaibility:”
SN of a wan staying for a long time 1n space. .

- Today I would like to familiarize you with one such experiment..._ O
‘,shall demonstrate this to you more closely, -

“5,?“'%9;'f“ ggzya-ZS. Please. Incidentally, Vladialav Nikolayevich how are you' S
feeling? How 18 the entire crew?. - . o o

- -

q]&ﬁ' . Zggggg_:g, The craw feels excellent which has been’ promoted to no small
degree by our training on the ground. e : -

”“.-r_-

A

‘A.'-?'-l— .rt"m. '}V’ . - :'{ l::—' $. "- . . : - i,‘l .:'. —_120 - o s " .:,.'f ) - - e
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' Law, dear cowrades you will see Viktor Patsayev, wvho 1is preparing to
do thc next medicﬂl study. Ship Commander Georgly Dobrovol’gkiy will help him.

~

Boed b

PARREEEE - i The experiment 18 being performed using the equipment which you saw - .7 %%
- - on your screen. Now Viktor Patsavev is demonstrating the apparatus on which
'ﬁ? the physioloyical parameters will be recarded...

From the Dai;y Loz oF V I. Patsqyev

R

. ¢ © 15 June 1971. hith the sun luw (ifm&diately after sunrise or before
L sunset), the Earth is in a haze (there is a shroud above the surface althoug h
"7 there are no visible clouds). Obviously some layers of the atmosphere have
bcen_illuminatcd from the siLe. :

P T
L EF ;H'\,\_--A

%ametimes enornnus cloud fields of mosaic structure ntxerching no less ' .
vthan 1000 km, for example, 17.40 above 50 degrees south latitude and 350 degrees
- east longitude in the ocean between South America and South Africa occur. The
:mC1DudB huvering ahava the water looh 11Le foam flonting on the water., o

RO B

, ”he color of the oceans is a dalicate blue. “The vaves are visible almost :
always in-the port oPpcsite the sun wvhien the gun, is high.f_?he yake of‘ahips“is
visible.. T RIS N R e , T T T

E T
o .'s--_‘ “ e v A, : PR Ty

Inversioﬁ trails ére visible frOm aircraft.:_i:{;f

IGJWE AP A
H%:flf- l‘ Fl%ﬁﬁt Control Conter. 16 June 19?1. BY 1?00 hoLrs ioscow time the
g Salyut manned orbital station completed the 148-th turn around the Farth,

. fﬂffﬁﬂnburing the. flight days which have passed the station crev has performed;*rﬁf;
" techmical experiments, the purpose of which was to develop new means of manual .-
- and automated control of the wmotion of spacecraft. Durlng the course of these

gxperiments, the possibility of manual control by means of a wide-angle optical - .
viewer and-a_ high—speed optical vertical plotter was checked. W{;A?T A Ay < -

L . -

s . Crew Commander Georg-y Dobroval'sk iy and Fli it Engineer Vladislav Vulkov
“checked the accuracy characteristics of the new. ion—orientation equipnment with :

" {nclusion of it in the in the automated motion control eircuit.  Hera, the
. accuracy was contrelled by the optical vertical plotter, the visual astra—
' orientation unit and cther 1nstrunants of the motion control aystem. IRt

-

' The mass cownosition of thc upper atﬂosnherc was iuvcstirated sirultaneously
~- - by means of radio-frequency mass spectrometers. - During operation of the oo
. .control enzines, photometric measuraments were made of the lisht effects occur— -
, ring during them. - The Test Engineer Viktor Patsayev continued navigatiemal . ..
b measurements and the- processing of scientific results on the onboard cowputer. T

. 75he crew menbers all feel good. The pulae rate of Dobrcval S&iy is 73 o
*;ﬁu&{Volkov 8 pulBe rate is 58 nnd Pataayev 8 18 77._ The maynitudes_of:the n:terialﬂ “fﬁ}

"*‘-T o 8 . e o . ) 8 e -A, L ey e -‘ Lo e \ . L e
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pressure are close to the initial and are 135 over 7J, 118 over 55 and 135 over
85 wa Hg respectively. .

- '

N ' The coordination—computation center is continuing tu process tha broad .. -?i
~-ac1ent1fic information coming from the station, - N

R S 1T 3mE e LT
_ } .._w__“ ; )_;'_v,VA . - - . P S - e P

L Flicht Control Center, 17 June 1971, At 2230 hours loscow time on 16 .
:hﬂJune the manned orbital scientific station Salyut, completing up to that time ...

m;?ff‘ 155 turns around the Earth, again entered the zone of radio contact with the . .03
;;?;ﬂs;lterritory of the Soviet Union. .. LI —,nm;Jia.: - '?;(a“ N A
.+ .+ During the working day of 16. June; the cosmonauts continued to perform . - - €
_fscientific«technical experiments._ e EE T S T -»gggﬁhﬂ:_Ai;:__-;“‘~ m']" ‘

.»7—‘1

e"'aTest Engineer Viktor Patsayev began to perform a nev technical ETperi—”x
;- ment. This experiment consisted in studying the phenemenon of high*frequency
i electron reaonance on the transmitting radio antennas under the conditions of -
'y3spaca flight and research in the field of hi?h—temperatute plasma. .

A w .

" M'l‘he phenonenon of hiyh—frequency electron resonance can essentially T E
4 worsen the operating conditions of the transmitting . antennasg, and 4t is up to -
"o ¢ - -now little—investipated, In the experiment the conditions of the occurrence -
.. - ‘of such processes wvere determdned, and the values of the zttenuation of the
. .radio signal caused by this phenowmenon were measurod. The digtortlons df the
" spatial characteristics of the radiatien of antennas of various types were
" studied also. During the experiment, in addition, some measures were evaluated
" for Suppressing the process of high-frequency electron resonance.

. The measurements of the spatial distribution of charoad particies taken o
4?simultanaously and the recordings of the ions and electrons in orbit close to T
eircular were of independent interest. The laws discovered in this case permit

‘ug to obtain new data fcr the development of high—accuracy ion-orientation
BENSOTS.. . . SE : ’

T According to the flirht program, 17 June was a rest day for the erey,

.{;,3_ “The cosmonauts did physical exerciSes and mutual medical testa. - They also R
e :,:, regted. ) * SOLL L e e Sl el o s ) e St -,__-. Ee ‘-1‘*' . _' e e ;

.y it . = PR} " . Dol

,;_ S _ _The ﬁoswonauts Dobrogzol' skiy. Volkov and Patsayev felt Good. The crew
. ,of the Salyut orbital scientific station is. continuing to perform the 1nte@ded s
. £light prograu. . R . . ; " g -

. !

-./." - From the Verbntim CQRy of Radio Conversations by the Crew with che Fliyht Control

Center
senLes .
. - e - O - e b - L R T ]
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A e 17 June 1971, 0426 hours ?,{?E;“"’

}; - o Zaryd. A functional test was run on the. equipment on the 955~th orbit.
I i - s . T R R LS L - . A {_'.I\ Pl e m ey
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kaantar'—l. How 18 the composition of the atmosphere?

Zarya. ° The atmospherfc composition in our compartment is normal.

T

" Yantar'-l, Check the oxygen. -

. v a. —
o A

-

o - Zarya. ‘Ouf:oxyganris normal. The ground control is geeing to this.

073) hours

: - Pud Farar s K L o e e, e L
A Tl R T e T wo Tl ety e A

t Yantar'-3 -

717 June 1971,

A5 T4 Uzaxya,” Yantar'<2,’ Do you'remezbér that on’ the 957-th orbi
Cwab diggy. o e oo |

“% Yantar'=2.: 1 was just going. to wake them, but it 1s a pify the boys . -
‘were tired, R Y ¥ |

. ] N TR Al P T 5
3 e e i O S ST L oAl TR
P I AN St B T taae TN e S sl

ecessary, not necessary now. Let them rest...

= # Sl

1971, 1156 héurs ©

< fiZ&gia. - There is oné'dﬁeétiﬁn. ‘quimahf“timés and &ndéflwhat-cdnditibnéil
. with respect to time and resolution has the vacuur tank been used by each of us?
- The ansver ;qn;be_;eady_tomg:rcg,if you do not have it NOWe ¢ wegne e oo

p YR

“-éw*ggggar'-l. I read you. The vacuoum tank is a good thing. I tried it
" out, and reached a vrarefaction of 700 m, and everyvthing was excellent. The
- g~loads are not the same ag on the Tarth. They are ruch less, and therefore
~-it 48 pogsible safely to provide a large vacuum. S

R 18 ymNE

L ‘71 gﬁt”CoﬁGfbl‘benief:"18‘}uné‘197i.ﬁ At 1430 hours HSéEoﬁ‘fime,ﬂtﬁé
- Salyut manned orbital station completed the 182-nd orbit around the Earth,

o

.l P el

" During the course of the program for the working day, experiments were
"-started using the orbital astrophysics observatory Orilon installed onboard the
" station. In these experiments the entire composition of the observatory equip-—
o ment will be tested under the conditions of space flight. Its fitness will be

- checked after prolonced stay In outer space, and the spectral characteristics
of the individual stars in the short-wave radiation range will be obtained -
+.- which argiqnqvailable;fqrﬂstgdy‘frgm::hg,g;oupg.j_;F»ﬁ' T L o, R

g Teeg : ed
R I R i

Ll

- v

“ After perfornine the complex kests on the observatory systems; in ac-

» .. cordance with the program, Viktor Patsayev recopnized the star selected for =

i correctness of the basic principles of its developme

study. lHe aimed the viewer on it after which a special system did an autonatic

lockon orientation and tracking of the star during the given time period. A .

':ﬁsspeetrographic measurement was taken of the star. - :
t . . . .- = 3 . ) - " " . N . !‘
The first experiment performed with the Orion ocbservatory confirmed the .
nt, the basic principles o

B L B P
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", rewind time, and I shall report later. All of the lights - green, orange and

+' white -~ have lost - their color.‘ For the rest. everything'is normal._ The reporc
“;‘is finished. ‘v' e B ST SR L - '

"(..b

ii sciencific apparatus is switched on.af

: bas a%;usted earlier. Everything is normal. -fg*

’ hf Zarya. FPxcellent, excellent. According to the preliminqry data, every-
t ng

’iﬁ.ﬁ

of the creation of orbital astrophysics observatorics operating under conditions .
of outer space and coentrolled by the cosmonaut inside an orbital atation. . R

“The cosSmPnauts transmitted a televigion interview in which they tealked™ -~ "2
nbout the observations made onboard the station and the studies of the Earth's

. surface in the interests of the national economy.

3 g : . o - i ey
T

Tha crew mermbere of the Salyut orbital station Eeel aood. Cosnonauts
Dobrovol‘skiy, VolLov and Patsayev are continuing to carry out the flight prograr. :_

From the Verbatim quort nf the Radio Ccnversations of the Crew with the Flight .
Control Center

H“ifia June"1971. _ 0724 hours "

;’wfﬁz~fYantar =3."- You hear well, right? At the fixed time, an experiment was

. fun with Orionl, the -second mode, by the second star, map No 3. Vork was started
. at 0634 hours. . The program was switched on at 0645 ‘hours. The exposures 10, - -

: 30, 90.and. 270 took plsce normally. iow I shall more precisely determine the'

; tas Ve g Che T
¥ - R R . - - : o B P
G A . ER O IR - o A s .

Zary The third traca continues to operatuw The control group ccnsideré  ;
its opcra:ion normal. _ . - o o e

P e

:_Yangar ~1. Yes, it 1s also satisfactory. ‘ )
_ Zaixg. Yantar' —3 & reminder for vou. ﬁefore besimning the second half
of the experiment do not forret to check that the fifth controi panel of the

‘7

i Yantar ~3. I shall not for?et.

is sa:isfactory with the first part of  the experiment.~‘ Lo &;_ u:.ﬁ_ﬁff'

4 Yantar ~3. Indeed, it has turned out well. Ve are also satisfied and
the object has become good and the automation haa kept everytbing good.:-~

" 18 June 1971 1321 hours o e S

e 1 ] - .. . ST o R N s _ - {r‘;"_. ‘
Yantar ~3. I &hall roport the situation with respect to Orion. Work
. has been done on the third star. The work has. gone successfully with the = e
exception of the fact that the last delay of 810 seconds as a result of sunrise -
- eould not be done, and it was necessary.to limit ourselves to holding 720

- ;~_J;’
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seconds. For the rest everything is norrmal. The time shortape comes frOm tho L
fact that the auntenna has been illuminated for a Jong time... . Tk

R
T

© 7 Zarya. - I understand, Yantar--S, thank you-for the information. R e

- - Yantar'-3. You re welcame. o S " R Tk

oL Zarx . Yantar —3 inasnuch as we shnll not bo here tonorrow, the group
o ; sends you birthday reetin"s today. : =

-~ ‘"- "-“. .
1.

fzggggg_:g.- “Thank you,” thank you. :”?:f;?fﬁﬂq%

Yantar =3 Thank you..5 ii'ﬁ-slla

Ymtar _3 »

uven the glass, right. 5;.-;L;.:JL_V,

Fzégza. Well Yantar v@byou 11 find out about that.ilUnEii tbmorioﬁ;“ﬁ‘

.'.:‘13 June 1971, 2319 houra TR e T L

Yantar —2. I Just woke up,“i sleﬁt about scven hours., I aslept well.
I feel good. The rest of the crew members are resting now.

Za;gu Vhere are the rest sleeping? In the work conpartment?

:;; : 3 75'~Yantar -2+ Yes, again on the ceilin“, near the. filters.‘ Their;leg§;é
o7 are Btretched out on hoth sidea. They are aslesp. ' el ;

fii?ht Controi Centér,nl9 Jﬁné 1571. By 1420 hours Woscow tiwe, the -
ESalyut manned orbital station completed 198 orbita around the Marth._,;.

o o The progran for the next WOfLinﬂ daY of the station erew included execution o
: of scientific and medical cxperimﬁﬂts and the development of indxvidual onboard

e wa-*\ -—ul':’. M
LoAmT R o

Cosnonauts Vol?ov and Patesyev have perforwcd optical reuonrch on the
Earth‘s atmosphere by the method of spectropgraphic metering of the day and - LAY
-+ twildght horizon. In the experiment, the color ranze of the atmospheric halo - - -
a_r__and the day horizen and its dependence on the discribution of the aerosol e
o particles and nther optically active components in the atmospherc was determined

N By using the solar orlentatlon device, the cosmonauts checked the accuracy,
iﬂif} of the gyroacopic iustruments during the process of prolonged flight of the £l BT

o : N LR . e i . . "
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-statlon crlented on the sun. According to the medical experinentation progran,

the studies of the cardiovascular systent with the application of functional loads
.were continued. The visual functions insuring spatial perception and ceolor .
: perception were studied and the measurements of the density of the bone tissue

vere - taken. :

:.n»f .. ' As usual the strassed wnrk alternated with the evecution of vatious
physicnl exercises and rest. R _ L . . T-

4 . - . ~' -

-

1;1 A1 members of the crew feel good The onboard aystems and the Bcientific
apparatus ara functicning normally. According to the telemetrie data, the A -

- temperature in the operating compartment of the station is + 22%Celsius, and
Lhe pressure is 880 rm Hg.,.Tha_tlight of the Salyut orbital scientific statiom - -
'13 continuing. L e e LR v Lo * e R R . =}

‘5419 June 1971. _on3 hours 'jﬁ733€"

: Zagz_ We all congratulate Viktor Ivanovich on his birthday. -Ee wish -
him successfnl work.Jf_ . = _ . Snc .. P

ﬂ . l.
. *

};;Yantat ~3,- Thank you.

t A
':iTEf'ﬂA 7'"'Yan£ér -1, ‘He wanted to arranne a day af rest for him, but he has a
: great daal of worh to do. , o :
ST Zagzg.' Everyone congraculates hin and thin&s that the conmander will
Grganize a banquet fcr him._ _
1( Yantat —1.' We have tried to arrange a day of physical culture fnr him 'E?

:;i nive hin some rest, but he has a great deal of. technical vork to do.

e ‘~Yantar ~1.A I report. the photog raphs have been taken of the twil@ght
horizon The appearance of the sun, a small piece, wag visible, less than halk.
" He h“ve taken photo raphs of this.r : -

29 Juis 1971, 1019 hours -

o : Zarza. Yantar -3 come in please..

'Yantar —3. Yantar -3.

T Zarya. Yantar' -3, we again congratulate you on your birthday and wish

: y&u a successful flipht assignment and nuch harpiness in life. All of your o
fam:lly transmits the:f.r varmest best wishe( R B D R APy T T

.‘l'hr -1 .o

R I Yantar =3. Thank vyou Eor your preetings however far away you are from
' us, e coustantly feel your support.‘ T T R SR )




18 Ju'na 1971. 2158 hours - o '; ': T ,

quya. How are the planta? Pow are they for moisture?

e . o e } D e w St
TR T TR ATt =

SO

Yantar ~2. %ell the planta — they are our love. They growv and grwa.
: Viktor is . se&ing after teaw and changing the repime. They are growing by S
ﬁ’_ ‘themselves. There is m013ture 1nside. It is impossible to water them here. - -

L
1

Everything f;xes awvay.

'r;‘ v ,Zagz Do you hear shor:wave?

e f,r,_' M ;-} . -

: Yantar -2.' qhortwave is quite clear as we approac% the equator over
South Amcrlca. I will svitch on our srortwave dxrecLly th?re to make you nappy

Y

n,Zagza."}It is too bad that we can nﬂt stop and 113ten.

A .
IS - gl 5 .o i

f'.Yantar ~2 ch, that is too bad.f As soon as you lpava these parts N
;'GVerything drops, and 4t is hard to hear, There 1s some kind of interference. -
- YWhen music. plays 1t is mOre oY less audible, and when thera is” talking, it 151'“

: R P
"@-.' . e TR TR

’ inaudible.

F7 4 19 June 1971. - Viktor's birthday. A conpratulatory note fraﬂ Viktor
wife uith the. followinq words. "\oﬁmer arrived, she feels good'«.. Viktor waz -~
very touched. - 4 S e

o From the Journal of V. il. volkov L SN Ceee

;u i '19 June 1971. Today is Viktor's birthd lay, The cclebration table was

laid. iThe delicacy Was onlons. He was: couyratulated hy Zarya, and an, iuterview.
wag rcquested from the gruund.-s-'vw. - ‘ &

_nL‘ : 2136 hours. On duty.‘ Probahly I. ahall be the first to see the lOOG-th
urbit on the globus counter.’ This historical event fell’ within my duty heurs.
It 4% simply iﬂcomﬁrehﬂnﬂible.

ey §

P

”rf,,u}* Ye are sleeping in a new.place: The placee are 1iké in .a " coupes” T Tk
.Lhave slept well —- about 8 hours —- for two days. - Tomorrow we shall expect a
oood morning” transmission. mhis haq to Le done by order.

e P

, - Flioht Control Lentar, 20 June 1371. At 0214 hours Hoscow time, the A
: fSalyut scientific orbital sration completed the 1000~th orbit around the Earth.
X “Of these 206 orbles were vith the crew on boarg.

: e . . . ws ot -
. . s DR S g B AT T
B H ” Lo - . - i L e .t . . .~u R e o
PR ‘u‘.‘mr_ - SR CEENEI o, PR X 3 o % F
by e e T T E

b A

In accordance with the p*o ram for 20 June, Casnonauts Georoiy Dobravul'sliﬁ
Vladtslav Volkov and Viktor Patsayev are resting. Tn the cormunications sassions

o the crew of the scientific station held radio and television interviews telling .:
“about the structure of = the orbital station and the operation of the -selentific ‘v--fh‘z
apparatus. R : - ‘ : . ) R




R “_ . T

‘ The cosmonauts also reported the results of their observations during B
- the past day of the Larth's surface and the various meteorological phenomena. .o
Thus, flying at 1438 hours on 19 June over the northwestern cnast of Africa, B
-the cosmonauts saw a dust storm. Lo . o TR

: According to the reports of the cosnonauts and the telemetric monitoring “\
data, the crev felt good, the onboard systewms and scientific apparstus of the LT
- station were operating normally. The £1light of the manned orbital scientific
“,station Salyut is continulng succe»sfully. L RS E;J;,ﬁﬂhﬁl,‘

S

gt

A“From the Verbatim Radio Conversatiens of the Crew with the ?1ight Control Center |

20 June 1971. 00J9 hours

r ',__.
N A B

- Yantag_:g. We are entcring into the IOOO—th orbit as a working orbit L.
“énd although today is a rest day we have decided to devote it to further obser~ %
_vationg -of our planet and photography of the Earth's cloud cover, oceans and .
. continents for geodogy and the solution of other problems of the national economy._
7In general, we shall do the same work as we usually do on working orbits. ‘We ~ o
shall try to use: every free moment to send as much data a8 possible to the Earth. =

.v - i v & . PR
R -v;. -~ L e

agza. He transmit our Warmest greetings to you.. Hauy congratulations."

e PR - . . LT

Ty e

R

ot Yantar ~2. Samewhete around 0400 hours when Vi?tor wakes up, we shall
z_*=“_have physical culture and’do uhat I said. we shall photopraph and obsgerve the
o Earth- . :

: gégya. If you have any data on hand then tell us what you have done
.for the day with respect to medicine...s . : :

- : ‘vA’- Yantar' -2 In;practica we" have déné:éllqu the experiments which the
o _doctors need. S f,‘_x_z,:.f_ _H' o T

”arga.- Good.-thank‘you,ﬁbright fellow..

i KYantar —2 I am Leepinp a careful account of the food and water con- .
"_sumption. To those who were interested I report: I am writing down everything. - -
. The data are .ready on the system operations. Ve are writing that now. We are @ . &
. .sharing on the craft; each of us has a number of problems. This is so we do
-everything as stipulated. R <L . ; -

e N A - . © TR
_g;we are ‘now flying ‘over Africa. Saudi Arabia and Horthuest Africa. There
are many red fire» below. There is a very bright planet in the constellation -
Capricorn.. -~ B _ﬁ%;* L L S A P T R X

{Television Interview with G. T. Dobrovol skiy,- 20 June 1971 B
L _ugya-zs. Yantar —1 you are the first commander of the crew of the
Salyut mauned orbital station. Phat are your impressions of this gtation?

et T . RO




B P
WS e T,

Yantar —1. I am enorﬁously impressed. The fact 1s that I am in space
for the first time and T was very happy to pet the orbital station directly.
- This station comprises two ships: .the transport ship which came to the orbital
'station and the station itself. 1In general, this is a complex. It permits the
"~ i performance of many operations of a scientific nature. The designers, engineers
°  and the golden hands of the industrial workers have all done what they could
'y 8O the crew can rest as well as possible. : . C -

-, -

' ' ya~25. Accordinw to your. story we have understood that you havp
control of both the Soyuz spacecraft and the Salyut station, that is, the station .
.. docked with the Soyuz spacecraft. Obviously the characteristics of these objects I’
..are different. 1Ie this apparent in any way in the space navigation techniques - -
~and equipment? - ST T e T e e - ) T

e

L Yantar -1, I can’ say “that the skills which vere acquired when preparing
- for the flight were justified. There are nio difficulties. It is very easy to f
.control. the transport spacecraft and the orbital station as a whole...The sPace-sugaf
fcraft is highly responsive and easily manageable... In general thia is what L
each of us could dream about upon baing sent into Space._ e
" s I Ny S R s Lo el
anza~25.. Understood Yantar' -1 what peculiarities have you ccme up
against in your work a8 commander oE the orbital station? L -

- --.;m R B

Yantar -1.' The fact ia that the most iuteresting worL for us began im—
mediately ~— docking. Ve were very interested in how to do this best. - And by
how it took place apparently this was succesaful._ e e A

ol i e ™~

) ERT The second peculiarlty, I would say, was the following: the station isg
<+ very larpe, and there ig a larpe field of activity for working here. It is
necessary that all members of the crew clearly understand their duties. This
‘13 complicated. There was some roughness at the beginning, but after transfer
-to our orbital station, we have begun to worh at full strenrth and everything o
has fallen into place. : : _ S

"Zarxa-25.r Thauk you very much ?autar

i 20 June 1971._ 0357 hburs"*li- =

. Zarya. Eantar -3, for the first tine all of our - work ulth ragpect to
'Drion is satisfactory.; Tomorrow working with Orion is also planned. .Syowseazé
s&ons have been held using Orion on one or- two stars? ; Tl g e

e i .Yantar ~1u_aTwo stars. . I - {ria‘&ﬁ;f;n¥[f:3'11*‘l‘ﬂ, ToedLamoan e L A

20 June 1971 0530 hours

L Yantar -1. Yesterday at 145800 hours on the northwest coast of Africa,
344 101uitafg,_l? Latitude a dust storm vas obqerved.

[ . =




20 June 1971. 0836 hours .
, Zagza. I have a requeat. Water the plants twice a déy ~- at the begin- -
. . olng and at the edd. . - . oo Lol e e BRI
o JEVZthar'—3._ All right, the instructions say ence a day.

" Zarya. "I know, I know... however they must be watered twice a day.
_ Also report the gemeral condition of the plants and the presence of the flrst
- ,;3'.‘rea1 leave. Report on following days. Understood? : :

Yantar —3.‘ All right. Everything 15 clear.iirw

e = Flight Control Center, 21 June 1971. The third waek of the scientific L RESTEY
. uatch onboard the Salyut orbital station has started. After a day of rest the . 4
crew began 1ts research. ;.“ E.:Q_ug - et LT '7‘:-.:= B ﬁ“-t"*

‘-.«_,.«.— . H
EI E,
z LA %

C e Today wor? has continuad with the Orion orbital astrophysica laborqtory -
_g:,-a_ onboard the station. On the next orbit after the necessary operations have been T
*x " ‘“performed with respect to neneral orientation of the station, “lock on" was B
_;, ~carried out using & viewing systen on one of the stars of the constellatioen ey
- Ophiuchus. = The automated devices and tracking syatem of Orion have operated L

- owell, R T R S R -

L . .
. : . . , . B . . w .
PR ) . - Lo .

.On the next Drbit an oxperiment wag performed to expand the operating
progran of the astrophysilcs observatory. Test Engineer V. Patsayev controlled
the operation of the two stellar telescopes of the obaervatory from the contyol

panel simultaneously. One of the telescopes was located on tha outside of the
o 7o station hull, and the other, ingide it. . Zoth telescopes were directed at the - -
¥ "same star Alpha Lyrae. Simultaneous oppration of the two telescopes has the =
- purpose of obtaining spectroprams of the ultraviolet radlation of the star in
C - i two different bands of the spectrum. By the readings of the control sensors .
wand by V. Patsayev's report, the experiment with respect to joint operation of
the two telescopes went successfully, Ttz realization was sreatly promoted by
, the exact and smooth work of station Commander G. Dobrovol'skiy and Flight
LT Engineer V. Volkov wich respect to orienting the station on the given stars.

o Durin? the course of executing the program for the day, studies of the
Z’gprimary gpace gamma radiation were coutinued, the intensity of the electron: s
“; background on the level of the station's orhit was recorded and the charged =~

" spectrun of the cosmic radiation nuclei was recorded. )

e - o o o . - - - 5 . M . . ., L .

" The cosmonauts did the nest nadical research cycle. A1l the étation 5
' systens are functionin* normally. The cosm onauts feel good.

LTS EE o - LT P S - At Yoo, T e
I et Py

The flight of the Salyut scientific 3tation is continuing in accordance
with the planned program.

T o e»-—_, . P
RIS, My L .i n&
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From the Verbatim Radio Conversatibgg of the Crew with the ¥light Control Center

21 June 1971. 1421 houra

- : J T < T e SR N S R R

'Yan;ar ~3. Take a dhort radiovram.

e

T “Leningrad. To the participants of the All*Union Cnn?ress of Meteor-

oloﬂists._
T “"Your anniversary meeting must reveal nany secrets of nature.- You can % ;“}"
T Hork quietly.L And we shall see after the weather. .‘:.;;,- L -#_ RN =
;;; . "Crew of the aalyut statlun.d Doorovol skiy, Volaov, Fatsaycv.

. - - : ‘ - e
= e e s .

i Sowetimes in cha port opposite the ‘sun’ it is posaible to see an irridescent tf
round spot (a circular rainbow similar to a halo)

- - B " .
o . .i - . R

LE By tha shadows from the clouds 1t is pcssible to determine the cloud
;.g,_ boundaries. The cumulus clouds run in regular rows, and the cloud strips on: . RPTIRE
' the night aide are visible apainst the moon and without it. Lo -

22 mrf

-'?ligbt Control Cquézlug} JQEEWQQZi‘ By 1200 fiours Moscow time, the

manned orbital scientiffic station 3alyut completed the 245-th turn around the
Earth. - '

v Sptie e ®he T e ST LD s ‘_:...‘p 2 P PRI R B,

Lo “”Upon completinp the nrocran for the lﬁndqy space flicht the Cornander'

k; of the orbital station Georgi; Dobrovol'skiy continued to study the physical

.. properties of the Earth's atmosphere using the manual spectrograph. - In this .

" experinent ‘the cosmonaut performed spectrophotometric measurements of the e

twilight horizen of the EZarth during sumvise and sunsct. The neasurenents ware

4 started directly before the appearance of the edge of the solar disk and ended L
“i-at the time of its complete emexgence from behind the horizon. Similar measure- - »

‘”- " ments, but in the opposite sequence were also taken by Dobrovel'skily as the sun

o :"set Lehind the norizon. T T

LY

" ‘isgf 'The stﬁd fes of the' light atma ofithe Spaceﬂdawn perforned ‘onboard the = T
. Salyut station permit us to obtain exact data on the distribution of the optical-
SN 1y active components of the Earth's atmosphere determining the distribution of crr

_ .the solar radiation in the atmosphere. In addition, the Test ingineer Vilktor

- Patsayev performed an experiment during past days with respect to studying tﬁe

polarization of sgolar light reflected from the Earth '8 surface. _ St

. In the television interviews the cosmonauvts told about the biolcglcal
‘FQT'~"experiments connected with the effect of weightlessness on the growth and

o development of the high—altitude plants.

I

FRLIP . - T PR 1 P [ e
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The station erev also continued to chservc the develonnent of clouds C
over the Earth's surface, the movement of cyclones and other neteorological L
~ phenomena. In particular, the cosmonauts detected and performed a photopraphic
" survey of areyclone in the vicintiy of the Hawaiian Islands. After several
hours, thc davelopment of the cyclone was observed near the shores of Australia.

ﬁccording to the data of the telemetric information. the temperature,
pressure and gas composition of the atmosphere on the station are maintaiﬁed
AR within the given limits. ;he cosmonauts feel good.

. - PO
AT A R

TEFrom the Verbatim Radio Conversations of the Crew with the Fli?ht Control Center fgé

22 June 1971. 0201 hours 3

- '.4.-,'

_ = Yantar -1 At a lonpitude of 168" devre9s‘and a’latitude of 30 degrees f;““
a large cyclone was detected and photographed. '

f_zz June 1971 0641 hours

< ?antar ~2.‘ Zarya, 1 an reporting.‘-At 6636 hours at a- lonpitude of 125

_degrees we observed a cyclone and photographed it. This is. in tha vicinity of
Australia.; .;w-_ ST ‘ eI S " .

e v " oo, LT

Televisxon 1nterview with G. T. Dobrovcl'skiy

22 June 1971 R -'fgf'f o f J?f."{?':ﬁ;” ) f'r" T

Za;xg-ZJ. Tnday we are ashino you to tell about the-biolopical ezperi~' ”
. wments connected with the effect of weightlessneas on the growth and development '
- of high-altitude plants. VCouId you start our 1nterview?

Lo B O ST C T
kS »z‘,,h . eA,,. k

-.Yantar —1. Zarya, I ‘an Yantar -1. 'I an passin you to Yantar —2 Ve
have many compartments with scientific equipment. il is now. eutering one of
them and.will show you the research subjects themselvds.

R

- N T PR SRR L

agz —25. We see you excellently.

1f:Yantar -2. Comrades, today we. can continue familiarization with our
‘orbital s station, with the large and broad program of scientific experiwentu.
We shall tell you about what is in our power, what time permits, about the
eklarga complex of biological studies being conducted onboard. '.I now showvyou %

',:3- the compartment, a special compartment in which our pets are located —— 9 planta.
However, to du tnis I rust f101t.

Caas e o R P . . .
R W G N

T A:--Zagza—ZS; The parting will be short, we shall observe you.

f Yantar -1.7T want ;o show you a special cnmpartﬁent uhere we have the'aw
container with the plants. This container has been called the Dasis.

Cme D e
3 B
e ER i,

et ZZarya-ZS.
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Yantar ~1. In this container there are 9 pots in which the sceds of

P

E varicus plants uare put into the orbit of ‘the artificisl Earth gatellite. : _{
i ~’» = yg-25.~ Which ones? - . :» ;. LFvere T why ﬁ T PRI TP e

- Flivht Control Center 23 June 1371. uy 1200 hours doscow time the
’ Salyut vanned scientific station completed the 261—st orbit around the Earth

"“"-:f"' Tha nev working day onboard the station beqan earlie-.r than the rest for
. Flight Engineey Vladislav Volkov. After 6 hours, the crew Cormander Georgly
mDocrpvol a ly set _to work and then the iest lngineer Viktor Patsayev.,% - ol

nag

.o —- T & ‘-"-‘-J-

e The program for the day was executed. FeorOiy Dobrovol skiy studied the
’”!optical characteristics of the visual erientation instrument -- a wide-angle '
o viewver. In particular, he investigated the dispersion characteristics of the )
3various projection screens of this instrument considering the actual bright-
“nesses amd contrasts of the Farth's surface. In addition, Dobrovol'skiy
- perforned experiments with respect to the triaxisl orientation of the station. L
.Vladislav Volkov used one of the navigational instruments to wonitor the experi-~ & :
*meqts. During the execution of the operations with respect to orientation and
.. -econtrol of the station movements, Viktor Patsayev made studies of the light ,
E ':Leffects occurring during operaticn of the control engines. In addition, Viktor
'if‘“'= Parsayev studled the effect of the cosmiec medium on the oprical surfaces of the
ports having different chemical coa tinﬂsr
) Tha observations and photovrapbinﬁ of the Larth ) surface in the interests
of the national economy continued: the objects of study were the regions of
 Central Kazakhstan and. Panir. et e ' ; e
_ YeSterday at 1?&8 hours Vladiql&v Volxov ohserved the c"clone in the
vicinity of the Indian Ocean with the coprdinates of 45 degrees south latitude
.and. 60 degreea east longitude. . Theése data were,confirmed by the . results obta;ned ‘

T s

:Ffrom the meteorological satellite.. -~ - 9wy Wl Cpes linagil B st

- Durino the course of the work, the cosmonauts continued to study the )

el varioas functions of the organism under the conditions of prolonged space flight. .
"2+ Aceording to the medical control data no visible deviations from the nommal

.state of the or&anism vere observed in Dobrovol skiy, Vol&ov and Patsayev.

Sl i edte e e

n P
e R

B i P2, . ‘ = EEORr 2
"a ,w T oEe T '0--1 b3 '."".1.. -2 f{n

L e According to the reports of the COaﬁOﬂﬂUtS and the data from telemetric
infcr“ation, the onboard systems and apparatus of the station and also the o
*-parameters of the microclimate are normal. At 0940 hours the Salyut station - 7 -3%
left the zone of radio contact with the territory ef the Soviet Union. SR

N - - . L e e - B
. T re T - PR PR 3 < Rt LY Lot ) . - . L
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Ilipht Control Center, 24 June 1971. The crew of the aalyut orbital i
= v+ gelentific station is in space after 18 days. Thus, this flight is the lonﬂest B
-L of all manned space flights ever attempted before.. CE e e
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A1} members of the crew feel pood. According to the medical monitoring

~data, the pulse rate at rest for Georgly Dobrovol'skiy is 72, for Vladislav
“Volkov it is 68, and for Viktor Patsayev it is 74 beats a'minute. The respiration
- - vate for Dobrovol'skiy 1is 20, for Volkov 4+ {8 12 and for Fatsayev it is 18, R

The arterial pressure is 110 over 73,-110 over:7d Fihd: 130 6ver 25 millimoter¢ -
- of marcury respectively. -

One of the experivents performed by the program for the next working day
. was photographing the stars and the Farth in various modes of manual and automated .
-orientation of the station.” The photographing also was done during turns of  °
‘the‘atatioﬂ with respect to various axes and with different angular velocitles.
“The photographs were taken by SpEuial automated cameras after strictly defined

., time Antcrvalo.A ‘

- The experiment performed pernits investipation of the behavior of the_
station for various modes of controlling its movement and also determination -
"of the.nature of the deformation of its hull under the effect of variOus
5factors on'a’ prolonveﬁ Space flight.

, In addition, the rESults of Synchronous phntograpny of the stars and the RPN
mLEarth permit an increase in accuracy of the subsequent processing of the ‘
“pictures of the Earth's gurface taken in the interests of geology, geodesy and S
-+ cartography and also an increase in accuracy of the, coordlnate gridding of the "
~results of the astrouomical R - -
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4s has already been reported, this system permits investipation of the phenomenon
of electron resonance in the high-frequency fieclds, wmeasuremont of the parameters
of the ionosphere, the spatial distribution of the charged particles near the .
" station, the potential of its hull and alse other processes and physical phenomena
acconpanyinq the movement of the station in a rarefied vlaqun.
LT L‘"y The studies perforned earlier dernnstrated the normal functinninq of tﬁe e
. electronsmodules and the automation ecircuitry. A procedure for lonospheric o
37 measurcments was more precisely defined, and the Optimnl operating conditlons L
;;;{vf‘of the instruucnts were selected. L

Bl o I8 - . E Ty "

-

On 25 Juqe tho 19«t anineer Viltcr P thVLv took measurements of the
. parameters of the jonosphere gn different sections of the orbit; then studies - i
Z were made of the electron resonance on special antennas of different geometric”
. configuration:- The required values of the electrical parameters were introduced.
. into the apparatus, and the prosrams for the performance of studies of physical -
'nfrelations were riven. The orders to take the measurements vhich were autowatical—Iﬁ“
. 1y processed byc-therequipment were issued. . The values of the investigated
.- ‘parameters and the operating regime of the systen for recording them were
f~g‘ﬁf .monitored by Viktor Patsayev by the readings of the pointer indicators and also .
h “using a cathede ray oscilloscope; . then the spatial distribution of the high-:-;
?frequency electrOﬁagnetic field near the antevn;s was maasured.- R PR

LI R e
[TV Ay oL e P - - =

: _ Accordinp to t @ data from thc telenetric infornaticn and the reports

“of ‘the crew Commandér Dolrovol’ si{y, the cosmonauts feel well. In the station
" compartments normal conditions dre being maintalned. By 1300 hours Moscow time,
'the'Salyut manned Scientific station completed the 291-st turn around the Parth.

From the Ver%atim Radio Conversation of th@ Crew with the Flipht Control Center -

25 June 1971.- 025? hbﬁrs"‘

w:_Zagya., Do you fael all right9 B

T ;Yantar —1 ’ Yes, I feel nornal. I fee] oood. Transmit to’ the oomrand
that everythinv is going accordinpg to plan. Even some of the experiments which

" [you did not plan we are trying to do in addition to. the ones. you: are oiving us.
' hell haw do you- feel about that.-- e S S o

Lo -,. . i ‘:

o ha! !a'

-\g .

All rlght but,not at the expense of rest
ST v e

Rt 1‘ Al ez g

125 June 1971. 0312 hours

Tal ?“'”Yqﬂgpr -1. We have begun to notice that our eyes oet tired durinz the

';' work day, The bright lizht and then the transition to the shadow. And in the

if—' =~ spacecraft there is darkness.~ It appears that there is little {llumination. . :i*% k3
“But evcrything is nermal. o B ' - "

- e SR <L I S
‘We observed a cyclone at . 0322 hours, 12 deprees north 1atitude, 128 degrees yuki

'east longitude.' Very severe,, O M_‘ S Rl DAL T

i - 135 - P recedmg Ilage hlank | e

_— . - . - -
~ e . o 4 - - . . . . k
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o - - - Zarya. 1 read you. One minute until the end of the session. - -. _ -
) ’ ’ N " 1 ‘ Py T - " - -‘.- r
;<"Yantar'~l;- ¥e understand.  Over and out. . - 15;;:giﬁn= SR T

e 25'June 1971, 0431 hours

S ngggp —l. Transnit to the nereorolonists that with respect to cyclones

. wa have never observed all of them. As a rule, tleir recomneudations are very
" ey useful and suit the purpose exactly._- “ , ST : ‘

e

-45*;;5" 23 June' 1871, 0720 hours R

77 wsYantar'-2." How I have ﬁone my"physical exercises. - The recommén&ed;:ff;*
exercisrs. I had a great weiy te T becane tired, I even enjoyed it. - i

-._,a' -J

\. - A - e S L *

: -fZarya. That is good. Gur medical apOCialiSts nra very hapny-that you‘t:
. have wor?ed d well. R L P W LI

ﬂzggtar —2.‘ I trled to do t—:nr»zn:'yt'h:flnfr as stipulate& and lnaned mysalf

. r: T -

jZa-z hell now you sae that everything is oood...;'-‘

“EYantar -2 I dOﬁ t know whether that is nood or bad. ,'

' . BRI PP
R T - A - B

f:gn Zagza.' Gocd, good. The madical soﬂcfalists say it is good.

TﬁIBV1sion Interview with G: T. Dobrovol' skiy_k' Rt :A %Q )

._cS Jnne 1971

A oreat 4eal of wor& was done w%ich'Vis exceptinnally iﬂ—
.- portant with respect to its scientifie content. We have completed a more thon
three-week flight. How the crew is making preparations for the descent. The .
;equipment ‘documents, part of the scientific apparatus are being packead 1n the o
* transport shiv. Many interesting materials and data will reach the Farth

which the seientists, engineers, technicians and worlers are awaiting impatiently. .
~In addition; we in,hunan fashion are missing tha Tarth and; impatiently, of . Hégnlggi
'course ‘await our return. T : ST

{Zagza-ZS we see you exceilently z-fé;i -§;p1é§se.”gyétd§:é'yoghdoingd

SR 3'-}.

e T e PR

v .~ Yantar'-1. liow? Well Yantar’-~2, he is going to bed early.. lis time to - EET
sleep cones early. Then I ro to bed, and then Viktor Ivanovich Patgayev. Then .
we 51a11 get up. name ouraelves secure before the uoscent and tahe our seats... e
“-.i':’;‘ .__?‘"_ \» eil_'_ . - _,- L ) - f '_‘ e * Cam B . E = w T T

: £q~ya—25. You Lnow dear fxiends, wve have watched your unprecedented
flighe with enormous attention, we have been inspired by your couraze and roally

e Eiexcellent work. ¥Ye wish you a very happy return to your native Earth. We shall LT
" 'see hov you descend fron orbit. At this time we wish you successful completfon: | -
“of the flipht and a soft landina. o : _ T
r - ’_;:_1:- < . ".A'.."— - m?»--r'. ‘ T " } «A::. d_r._ - e . -. R - . .. ﬁ
S B P IR K v L AN S S T




Yantar'-1. Thank you very much. To a qulck return to Tarth.

L . Zarya-25, arally, to a quick return to farth.
o R . CEL __ __“_7___{‘-7 ;

Yantnr'vl. Don't worry, everytiiing will be alrieght with us.

Fagya—ZS. lie are absolutely certain of that. A bhappy £lizht and
successful lanuing . :

fi XE?tar'—l. Lhank you very wuch. o 'fqﬁﬂfT‘j f:_["":-wf”;'dff o T

Za;yfmag. I am brlnwing tite 1ast qpace viewinn seSQion to a clo 23 again‘
a. happy flignt and a aoft 1auding. .

A s

26 JUWF

Vel Flight Control CenterJ 26 June l??l. TodAy at'QSO&_EOUQQ ﬂoécdm‘fiﬁe
‘... -the time spent by Cosmonauts Nobrovoel.! sh;y Volbov and PatSayev in sPace Iliyht
“in Farth orbit reached 20 days. K : ; e -

RS S The program for the next workinv day of the crew of the Salyut station
e inc]uded scientific~technical experiments. The cosmonauts recorded the intemsiry
i .. of charged particles and the charged spectrum of the cosmic radiatien nuclel 1in
ordor to checb the hypotﬂ,eio of group acceleratisn of rarticles in outer space.

Lﬁe gtation crew continued the experiments with respect to megsuring the
wagnituaes of the fabric radiatlion doses Sirultancously, tha equipment on the .
outside of the statlen tull was used to récord the high energy particler flux.
in addition, experiments were vun to study the micrometeoritic situation in outer
space. '

v o

Coat e v w . A - - c e 5 . - . .. e e - A . - N
TR L " I LR R , . _— P e

] Durirg th course of workinﬂ accordinr ta the nrorr 1 oF the éav the
_cosmonauts did various physical exercises more than once and performed redical
,checks._ The state of health of all members of the crew is oood.:h o

.‘_.,- ks

et .
e

K

fnc oqbosrd »ysteﬂa cf tae oalyut station are functionlnﬂ nornallv.‘“
o .. According to the data from the telemetric infemmgtion, the temperature In the ,
" :ir operating compartment is 22°Cymthespressure is 880 mn Ug, and the gas composition
is normal. . S '

3The flight of the Salyut manned scientific station is continuin 5:3“’-l

B -
R

From the Daily Lo" c.‘g, ﬁ. Volmov
26 Juua 1971. The 21-st day of Flioht has come. Zarya has congratulated
LT WE on settin0 the new world record for tine in outer space.. ilow pleasacot these
' 7" congratulations are, espaclally hore in space. It touches us to téars. The
boys have slept while I maintained cowmunlcations and recelved these conpratu-
... latloms. I did pot want to wake them. lowever, they, {celing t;i without
f1 773 word, crawled out of their sacks.’ Our sleeping areas reserble a beehive .

O T



s
.

- even more than on Earth e e T B e T

i ag on the ground. That 1is why we do not have enough time. .- s

"myself. Yesterday I even decided to read Yevreniy Onerin Lefore polng teo sleep
“and was surprised that I passed an entire hour. lowever, the book did not help.

- RRL g LTe e o= P,

(in the forest) vhere bees are flyinp in and out. ‘There are alse small openines )
into which we crawl when sleep tirme comes and emerge when we hear the comand - -
to wake up (this means the duty officer awakens you by toueching your shoulder
and somegtinmes your head). = . T S Ce e e e TS

. By the way, about sleepinz. Tor some reason I have slept very little w
these two days. 1In all I tave slept & total of three hours. I can not force Co

I did not have dreams on my last flipht. How I Have as nany dreams as you want,

" . T (PN
- . . > s

26 June 19?1. 1014 hours ¥ ;g‘

fZérz_. Yant&r, Zarya is 1istenin Hhat are vuu sighxng about?

S e o -

Yantar -1. I an siﬁhin about the fact that I an looking 1nto tne ]
Oh ny Cod. e S

N .
*

Za;ya. bow m11y texminals7

e,
LA

Yantar -1. ny.'my, Ve *Hose brlllxant medical sPecialisrs. ‘Rigit arnm,

1ef£ 1eu...

u .

26 Juna 1971. 1736 hours

Zarya reﬂorts to Yantar -2 tﬁe telaﬂﬂtric data on the ovboard el Lmate.

' va The clinate, we shall 587, 13 ﬁﬂod where yOu are.' Jere thoy
are cor?laininc ahOut how iz is with us. ) o S

f26'Juna 1971, 1841 hours a;ii':

i Vzggggr'ul, What resﬂarcl are tncv talk;nuhabout? . , ;\_ _
el ., LI T )
za¥ " Rarya. Hedical. what you did not dn today vou must do everything
exactly tomorrow. In Jiuiticﬁ, ve shql‘ ive ycu the t*re te do it all.

.,": A-a' i, -'.\n N
"Yantggﬁ:l. The fsct 1s the followinp. &hen the dyn 2le operations are
undervay, then we shisll prepare for them. Now we are serting up so that nox
time we are asked, we are ready for the analyses. You will take all of tids
into account. We are trying to work just as on the ground except the work
conditions are quite different. We are trylng to do the same anount of work
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From the Dally Loe of V, N, Volkov

26 June 1271, 31700 hours. The end of the day is 1nproachin“, tomorrow
. is aunday. Before guino to sleep wa charped the tanks of the coollngwdryin? S e
unit of the sanitation unit and the drinkinp water tank.

.. T tried the countcr-g-load euit: this is for landing.

From the Daily Log of C. Ts chrovol z L L
;i‘ : ' 26 June 1971. Volod' ya “hatalov readLan excerpt fram Pravda. The_Citﬁa;:-d
*". . Council of Odessa has elected me anchenorary:éivizefri sf-ddessa. )

the gnuund.-

i ucon the descent- -

. , Flight Control Center, 27 June 19?1. on'27 June, the 22~ud day of space ;
e T flight began for Ceorgily Dobrovol'skiy, Viadislav Volkov and Viktor Patsayev. . PE
_ ‘At 1200 hours HMoscovw time, the orbital sclentific station Salyut completed the . .| -
e 1120wtn orb t around the Earth, including 326 orbits with the crew onboard. o

T (I o PR

In acrordarcL with the flight progran the next day was devoted to the
check~out of the onboard systems of the station and the Soyuz-11 transport ship. :
The cosmonauts performed a set of physical exervclses. They did medical monitor— o
iné and yvested in turns.
T A © . In the television interview transmitted from onboard the atation, the ;,_3;%Lg§
T erew members told sbouttthe execution of the progran of scientific-engineering :
2]

and vndical~biolowlcal e?rerivents and also the food and rethous of storinv and o
ook heﬂtm" 1"'. B '_ . . _~" SO Sew T _'«‘ - ""‘_.". } E a4 g

f’,vr" L E

) Acco;ding to the rcports of the cosuowauta and the tcle atric data,
~ Dobrovol’skily, Vollov and Yatsayev feel goed. All of the onboard systems of
};?;; the orbital station arve functioning notmally. The nanned space flipght s . . A
' continuiny. ' - ' ' \.' S
'E From the Verbatiﬁ R&pazt of the Radio Conversntions withhe Crew with the Flight.~l
' Control Center

27 June 1971, 0232 hours T R TR

, Yantar ~1. Everyone's blood pressure is normal: Yantar'-3 -~ 115/75; o
. Yantar'-1l ~- 120/70; Yautar'-2 ~- 115/60. After the load, the pressure and v
pulse are very quickly recovered: it was 140/55 and immediately, 1iterally
after 1 nl?ute, it returrned to normal, not 1ikL on arth.

T % e . - B T S A TN L S A 1
ey ’;A,__M_. K __jw‘-'»'-“- Lo, “aL@“"“‘“‘-ﬁw o T R e L T U S R S L e W

----------
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27 June 1971, 0827 hours

A Yantar'-1l. We have a question with respect to the sleep schedule. Ue
have found that at 1240 hours the third person must go to sleep, but at 1400
" hours the second persoa gets up. At that time the first person is also resting.

Zarya. That is correct. WUe are beginning glowly to equalize you. Do

* you understand? S : . S A : P
. . Yantar'-l. The equalization plan is understood. But the station remains
T without a watch? EEIRRPURRE ' LA e LAl ] '

”apy1. Thc deciszon o{ che cantrol group stnnds. Tlave you'uﬁdefstoéd"' '
Lome correctly.i_.iﬁ.} ; I - “oa

;-.f-"

Yantar -l. I underatand.J However we do not want to do this.

- s e,

N Zagza. Do 1t. do it, as indicated in the prngram.. Lverything is rolang o
;:well.. Everything i{s in order onboard.. Don' t siOh, it must be done. The coatrol -°
group says that this proce@ure is necessary. o o i ST L

aah Sl gxa.' It 4s necessary to carry out the achedule. Wa are tracLing
t clearly by teleretry and if necessary, we shall arouse you, ‘do not WOrry.

Zarya. cn t forget that now your aqqigrment is to reat.

Yantar' —2. ‘We are 'pl;:cmru!_wr ‘a rest day so that we can nap a little because
during the working days there 1s very littlie time for this. We shall picx up

. our physical culture a little, we have done few exercises for an entlre week but
" today we shall try to do them. O0f course, we shall not do thia S0 sharply.. Ve

) shall adjust little by little (to the load) , , : L

7227 _June 1971. 1342 hours ;? |

Yantar -2. ?ake down the cyclone observations'

FRL "

SPREE S The sonthetn part of America.. Coordinates. 22 degrees east longitude
and 46 degrees south latitude. Powerful growving cyclone. Observation time

iy 1333 hours.‘

10 ("V‘j RS » i’ I e '1 AR i : s 5 -
Eﬁi!ﬁt' Poger. over and out.. A P SR L e
Remote Interview with V. Ti Patsayey = 7 0h U Tlae T oo s s e
p-_f-_.. - :11 27 June 1971 . ‘_A-__:', Coen e * Faes - o “‘. "";‘_'. wep R R e 7 . D

Zarya-25. Very many television viewers and radio 1isteners uant to know

how you axe eating._ _ ) y
- + ~ ,7,\; - il‘{ -;..
3 . . % '\
W i



. Yantar'~3, Our food is either in cans or in tubes. The dessert is in
. packages: prunes, candied fruit., All of this 4= stored in two refrigerators,
'The refrigerators are very large capacity. The tubes and juices are stored in
special containers. The fond in tubes is heated on ?to heatinu eleme;ts,

Zarya-25. You have been in SpQCL for 22 days. Has your wei ht changed?
‘Yantar'~-3. We think pot. - o : e 3-_' _ S : oy

. Zagza~25. what do you do in your apare time? 3 e

©3 w07 7T Yentar! ~3. We have very ttle of ‘it. In our spare time we read. We
' hava a library {Lermontov, Pushkin, Tolatoy). We listen to nusic. We havega
.tape recorder with filas. | : s -

Flight Control Center, 28 June 1971. Gn the mornin? oF 28 June. the )
. 23—rd day of orbital flight of Cosmonauts Dobrovol'skly, Volkov and Patsayev .
* began. By 1200 hours. Hoscow time, the Salyut manned scientific station had .-
completed 342 orbita around the Larth.A : - -

L During the flipht the studies oF thﬂ cardiovascular system of the A
. - -cosmonauts was continued using the apparatus desisned for perlodic medical ... - . %
7 examinations. In particular, measurements were taken of the arterial pressure, :
* the duration of the cardiac phases at rest and after functlonal loads., Ac— '
- cording to the medical monitoring data, the pulse rate at rest for Georsly
‘Dobrovol'skiy is 72, for Vladislov Volkov it is 64 and for Viktor Patsayev
1t ¥s 72. The respiration rate is 16, 18 and 16 per minute respectively,
and the arterial pressgure is 115 over 70 115 over 68 and 115 over 75 v g,

_ respectively.

- L ‘h_- e L et s N SR w
L J ] ok - -

R During the day the cosmonauts checked the oqboatd syatems aud units of
- the station. According to the reports of the erew and the telemetric data,
.. 811 of the onboard systems of the stationsatrevfunctioning normally. Tia erew - : -
-'members Dobrovol'skiy, Volkov and Patsayev feel good. The flight of the '@ < %
orbital secientific laberatory {s continuing.

Fliqht Control Center, 29 June 1971, By 1290 hours Mozcow tmme, the
Salyut manned scientific station will have completed 358 orbits around the el
Earth, The Cosmonauts Dobrovol'skly, Velkev and Patsayev have been in space
fliwbt 2& days.

- - N 3 CR . ’ ‘ S : ‘
N .. S PR - SR

_ The next working day of the Salyut station crew took place in accordance

. with the established schedule. The cosmonauts performed mutual medical checks, .

" they made entries in the logs about the experiments performed. During the day
the crew checked the scientific equipment and the onbonrd systems of the statlon.
During the radiocormunication sessions the cosmonauts rcported on the research

performed onboard the station and how thny felt._ L R gf‘., ;?;;uﬁﬁ;

- oo . N - e, ) . s Voo : N

St
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i i

RS N T

”71 operatiag normally.

P S 4'1' -
Syl . Ly
:.,.;b._- ~‘=

According to the report of the crew Commander Dobrovel’sky, ell of the
cosmonauts feel good. In the station compartments conditions are belng main-
tained which ave similar to the Earth. All of the onbeard systems of the

atation are functioning normally. The f£light of the mamned scientific station
Salyut is continulng.

From the Verbatim Padio Conversations of the Crew with the Flicht Control Center

29 June 1971. 16&9 hours fﬁ;;";f{?‘TL’Mff’f.f’?'j 1 3;~ff‘;:hv_‘,ﬁ§s,fL?
Zarza.' Good morninq.
Yentar'~2, Good morning.: .,

. Zarya. ‘How do you feel?

l,ggyt&r'Qi. I feel good.;;. .

;;Zagzg And how is your mood?

T
~T - -l LR

A Yantar —2. As alwayu.l wg are going according to the schedule. Hé'éhallr'
now put on our suits. “verything is in order. The onboard systems of Soyuz are

EEEEEE -2. Paw is tho wea*her in the area? ' '!:_ DR

- Zarya. .Excellent weacher, everything is'ready,_we are walting for you.

29 June 1571, 2115 hours

an
in

Zagz_. Give :he ccmmand to close the transfer hatch

A.Yantar —2. I an givﬁng the command.

. ok
LR, . H

zang. Gﬂ clos{ng the'traﬂsfcr hatch npcn the h"tchﬂﬁ_ the descent.
spacecraft, check it araiﬂ and tlen ChCCn that it is ClOSEL-A

Yantar -3. The hatch open 1i?ht has ﬂone out.

a R <G
- s J R .:;.,u-_. v-.’ g %

;; Zagx : Lverything has been understnod.: I give you parmission to dis— s

SRS T"’n ’("*‘

~Yantar’-3. . The digengage command wae sent at 212515 hours. . .

.
1 +,

Yantar'~2. Separation has taken place, separatien has taken place...

fﬁa"see separation visually. The station has passed to our left with rotation.\ ‘-

ggzla. Lending will take place 10 ninutes before sﬁnriée.




e e et L e B R LA I A WP e S e
S At g At e F b e et e K L e Bk B B o gl S St des s e Lo o > Lo n et i S
1
. v
L
. - » s o
. : * - rohe ~ - : L - - - E]
- - - - e N L i . = " . I -
-

From thc Verhatim Radio Conversatinns of the Crew with the Flicht Contfol Center

- 30 June 1871, nglé hours

- Yantar'~2. [Everything is normal... Fverything is-wood We feel good
F'i.;. We are trying to erawl into the chaira.‘ Nh hava crawled. B -

w

SR Yantar ~1. He ara pvoceeding accordin to progrmu. The Fartx is ap-
. P earing a 1ittle. ‘He are besinning orient atfon. The statien is flying off = ..
'gtq_thg right. ' It is‘beautiful. ﬂow ve are heginning orientation. e LES

T
- .

;jgggar'~3. I see the horizon in the lawer section of the pnrc._ 

;”V'J':;zYantar -2. The light is burnin?.__the descent light;‘jThe;SOUDlvinhihit .
man is burninb. Jormal. e ) B ST TR TR G

“;gggy All right.,f

D B

'Yantar —l.. have checked ;be systens‘ Fverythin Vis né;mal;:jThg_ 1H£;,_;ﬁj

e horizon has corme up.. for me.. The station 1is abové‘me.

23 ya 'Goodbye, Yantari to thP next contact.

lﬂotion orientation and control systen,

: . CoRem e s e .
- O T R L. T S, . X v IR o B o .
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Captions to Graphicé not Repowduced: T iA‘iﬂJ”.,"j S -
e _ U R ST - Mﬁ.ll ;3: ‘Russian text A
Long~term orbital scientific station —— Salyut N L page 6 . - 777

ﬂIntefior of the wofLingvcompartment of the Salyut 8tation. In “TA"""'~:-* . .
the rear -~ the central control panel and hatch to the transfer -
compartment : =

- Cal o e B T I LIS

S central eontrol panel for ‘the Salyut station._ The workaqpaces': R
' of the crew commander and flight engineer =~ "~ ‘1i§ SRR

-

Al

Control panels and elements at the wnrk area: of the crew commander ‘"

Equipment at the flignt engineer 8 wurk area
Orbital module of the Salyut saat&ou }{Qﬁf

Crew of the Salyut saation usincr a trainer" V. M. vbiﬁbv,
. G. T. Dobrovol skiy, V. I. Patsayev (Ieft to right)

e sa -
- o . ,:rﬂ

;Transporting the booster rocket witb the Soyuz—ll spacecraft toi
the lannching pad L NS »'::ﬁ,i ~‘: ;_ﬂh;.< EUR -

.Test eng‘neer V. I. Patsayev (right) fraining “f‘fT ;:T?3A:f>‘ v paga‘za .
V. A. Shatalov (left) -and V. I Patsayev during theoretical "‘nu.3~?i‘jlgifw"' fif-
exercises o e . : - page 31
-jPrelaunch presa conference of the crews on the Soyuz-lo and - :;;;Q%ﬁ”ﬁ-“l"ﬁi“ 2
~w/80yuz~11 transport. spacecraft. Behind the Presidium table =~ '
i N. M. Rukavishnikov, A. §. Yeliseyev,V. M. Volkov, G. T.-
: Dobrovol'skiy, V. I. Patsayev, N. P..Kamanin and V. A. 7
'“?'=h3f Shatalov (left to- right) - oL

Lo L

3!!

Aftcr arrival at the spaceport co '\ - o R ] o
£ i SRR RN A Dt el g R

“Fest engineers V. 1. Patsayev and N. N. Rukavistmikov (right)
‘becoma fam¢liar with scientific equipment

a

PR “ ' )

. ﬂ*uw§payé(rocket Byatem teady for launching

[. {q-. 3 - . B
Crew .0f the Salyut station at a preflight test conference. B e WA NP
3 V H. Vblkov, G. T. Dolrovol’skiy, V. I. Patsayev_ ' page 45

qSoyut apacecraft~being tested' " iL‘fﬂ'ﬁffﬁzf : T page 43 g by
Tha- Salyut Btation crev reports for the launan ’ o f ‘ page 51
LT seeaT o '_ T e T e 0T -‘:'#- Ah T 3" R e '.'.,:f‘-.i;:".:"‘" [ L ‘l_'ffg-j.’;-::
' Afftha flight cOntrol center for the Salyut orbital scientific T ¢
fﬁtation o " T ) . \i,A,;xﬂlg,page 54 - e
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zf_ Resulte of scientific reaearch and experiments

b “:{fSalyut statiOn crev in theit spece home 1n orbit

:i-counters; 'Y -- directional Cherenkov counter . i

| USSR Cosmonaut A. G. Wikolayev (rignt) at the flight control
center durdng radlo comversations with the Salyuc sration crew page 54

USSR cosmonauts V. V. Gorbatko and A. S. Yeliseyev at the control

“panels in the flight control center of the Salyut astation page 54
Dircctiopal antennas of one of the ground stations for space radio

- communications : : , S . - page 57

ALast greetings before space flight B e ;_-":  ,1L page 39,

: Crew of the Salyut station in the cabin of the Soyuz—ll transport
ship ,

_,afc._r Dobrovol'skiy in the transfer compartment of the Salyut
3 station

I Y i _- %

7L;:“Hork days of the cosmonauts in the serviee compartmencs of the ;f:_f SRR
-, orbital module of the Salyut station _ - .. f oo . T~ page 76

'HOrion aatrophysics ohservatory T ”ffh"‘;Al;:{?f‘gfﬁf°y{fe,k' . page 82

Optical systen of the Orion telescope. 1 — iergermirror, 2 -
small mirror; 3 ~— slistitess spectrograph, 4 —_— diffraction grating;

5 ~— photographic film ' I page 34
. .V. 1. Patsayev during astrophysical research at the control panel
for the Orion telescope .. i': - el ope 0 Ll SFe T 40 page &7
_“AnnawIII telesaope for recording gamma radiation “W‘_ - lA: pige 90

runleck diagram of the -Anna-IIT telescope. 1 -~ adder, g i L
triple comparison circuit; 3 -~ gamma quanta selection eireuit;
4 -- photorecorder; 5 -— removahble cassette; 6, 7 -~ mirrors;

“ 3"”-;_.,_8_-7- lead converter;ﬂKl»ﬁ K, — apark chambers; IJ‘?IH]_, 1’.‘&[}:12 - R -~.‘:';""»h‘

high voltage pulse generator; C

1,_C2, 63, C4 ~-gcintillation

Cherenkov-scintillation telescope for recording chazged particles page 96

-'Seﬁematic diagram of the'ChereuLov-scintillation taelescope: 1 =~
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